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BOUNDARY LAYER TESTS OF THE
SPACE SHUTTLE AFRST MATERIAL
IN THE NASA/AMES RESEARCH
CENTER 2x2-FQOT TRANSONIC

WIND TUNNEL (0A308)

by
B. A. Marshall

Rockwell International
Space Transportation & Systems Group

ABSTRACT

An experimental investigation (0A308) was conducted.in the NASA/Ames
Research Center (ARC) 2x2-foot wind tunnel from July 13, 1982 through
July 23, 1982. The purpose of this test was to obtain data for use

in determining the skin friction drag due to AFRST implementation omn

the Space Shuttle vehicle.

Three panels were tested; one flat metal calibration panel, one Advanced
Flexible Reusable Surface Insulation (AFRSI) panel, and one Felt Reusable
Surface Insulation (FRSI or Nomex Felt) panel. These three panels

were tested through a Mach range of 0.6 to 0.9.
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INTRODUCTION

Advanced Flexible Reusable Surface Insulation (AFRSI) is presently under
consideration as a potential replacement for the Low-Temperature Reusable
Surface Insulation (LRSI) tiles on the Space Shuttle. AFRSI is a
quilted blanket consisting of silica fiber felt insulation material with
a quartz fabric OML cover and a glass fabric IML lining. The quilting

is done with quarfz thread stitched through the three layers of material.
The blanket IML is bonded to the skin of the vehicle while the OML face

is exposed to the high-pressure gradients, fluctuating acoustic pressures,
and wind shear stresses attendant to atmospheric flight. The blankets
are pliable, but individual fibrous elements are hard and brittle, and

susceptible to damage, especially where they cross. each other.

The objective of test QA308 was to obtain boundary layer data for use
in determining the skin friction drag due to AFRSI implementation on

the Space Shuttle vehicle. This objective was accomplished.

Model 122-@ used for this test, consisted of three test specimens,
boundary layer equipment, and the tunnel movable wall. The general
arrangement is presented in Figure la. The three test specimens were
te%ted through a Mach range of 0.6 to 0.9. It should be noted that
thé boundary layer equipment (static rake and boundary layer probe) was

not used in the forward and aft positions simultaneously.

This report presents information on the conduct of the test,descriptions
of the test panels and the test facility, instrumentation particulars,

and plotted and tabulated data.
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NOMENCLATURE

Definition
Curve fit constants
Pressure coefficient
Boundary layer shape parameter
Inches
Mach number
Boundarf laye£ power profile parameter
Pressure, pounds per square inch
Pounds per square foot
Dynamic pressure, PSF
Reynolds number, per foot
Recovery factor
Temperature, °R
Velocity in the X-direction

Longitudinal Station, positive aft, from origin
shown in Figure 1b, inches

Lateral distance, positive down, inches
Normal distance, inches

Boundary layer thickness,‘inches

Boundary layer displacement thickness, inches
Boundary layer momentum thickness, inches
Density, slugs per cubic foot

At the edge of the boundary layer

Orifice number

Local static



Symbol

NOMENCLATURE (Continued)
Definition
Total, at probe tip location
At probe height Z
At Z = §
Free Stream
Location of forward probe

Location of aft probe

Other Symbology includes

AFRS1

B.L.

CON

CONF

DEG

DEV

FRSI

LOC.

LRSI

MID

OML

PRES

Advanced Flexible Reusable Surface Insulation
Boundary Layer

Condition

Configuration

Degree

Deviation

Fahrenheit

Felt Reusable Surface Insulation

Foot

Hewlett-Packard

Inner Mold Line

Leading Edge

Location

Low-Temperature Reusable Surface Insulation
Middle

Outer Mold Line

Pressure



NOMENCLATURE (Concluded)

SLG Slugs

sq Square

STA. Statioﬁ

STAN Standard

SYB 4 Symbol

WALL,W Wall position, inches
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REMARKS

Prior to testing, a leak check was performed on the pressure taps shown
in Figure 1b. The results of this leak check were as follows: tap 4
had a very slow leak; tap 21 leaked; tap 24 had a very fast leak; and
the remaining taps did not leak. Data from taps 4, 21, and 24 should

be considered questionable.

Also, it should be noted that runs 105, 106, and 121 were re-run as
" shown in Table III. Runs 105 and 106 were re-run because during these
runs there was a leak in the total head probe. Runs 121 and 122 were
combined into one rum. During run 121, the tunnel became too hot and
had to be brought down. Run 122 was a continuation of run 121 and

picked up the remaining data points that were not obtained during run

121. The data from these runs are presented in the Appendix as run 222.



CONFIGURATIONS INVESTIGATED

Model Description

Model 122-( was used for test 0A308. It consists of three test specimens,

boundary layer equipment, and the tunnel movable wall. The general

arrangement is presented in Figure la.

Test Panels

Three panels were tested; one flat metal calibratign panel, one Advanced
Flexible Reusable Surface Insulation (AFRSI) panel, and one Felt Reusable
Surface Insulation (FRSI or Nomex felt) panel. These test panels were
mounted in a holding panel. The holding panel had an aluminum base
26.85 by 20.80 inches. The base was mounted on the frame in the movable

wall to provide attachment points for the test panel and wooden filler

block.

The flat metal calibration panel (measuring 14.5 by 17.5 inches) was
used in place of the AFRSI and FRSI panels for the flow calibration of
the test. This panel was installed flush with the tunnel wall. A

photograph of the calibration panel installed in the 2x2-foot TWT is
shown in Figure 2.

The AFRST blanket specimen was bonded to a 1/8-inch aluminum backing
plate (14.5 by 17.5 inches). Rectangular frames attached to the backing
plate surrounded the material specimen. The frame/specimen interfaces

were closed off with aluminum strips which covered the top surface of the

frame, and extended inward approximately one inch over the AFRSI material.



CONFIGURATIONS INVESTIGATED (Concluded)

This round-nose extension was bonded to the specimen material to prevent
puffing and possible damage to the blankets. The test panel was
attached to the base plate with cap screws inserted through aluminum

strips and frames.

The FRSI panel was also 14.5 by 17.5 inches and was attached to the base

plate with cap screws.
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INSTRUMENTATION

Boundary layer probes were forward of the calibration and AFRSI test
panels for a total of tem runs, as seen in Table II. During all other

runs, boundary layer probes were aft of the panel.

At both stations, the probes included one total head tube mounted on
a drive supplied by ARC, and a fixed static rake which gave pressures
at three heights. ' The general arrangement is shown in Figure la. The

dimensional (location) data are given in Table IV. The locations are

illustrated in Figure 1b.

The three static pressure probes and the single total pressure probe
were each comnected to an individual pressure transducer. The trans-

ducers were digiquartz pressure transducers made by ParoScientific Ime.,

and supplied by ARC.

There was a total of 44 static pressure orifices located on the AFRSI
test panel and the movable wall. Thirty-two static pressure orifices
were located in the movable wall, four static pressure taps were located
on the forward and aft surfaces of the test panel frame, and eight

subsurface taps were located at the borderline under the AFRSI.

The flat calibration plate had 12 surface static pressure orifices at
the same X-Y coordinates as those in the AFRSI test panel. All 44

static pressure orifices were connected during the calibration rums.

The static taps were connected to scanivalves. The locations of the
orifices are shown in Figure 1b and listed in Table IV. Rockwell fur-

nished the scanivalves and transducers.
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TEST FACILITY DESCRIPTION

The Ames Research Center 2x2-foot wind tunnel was used for these tests.
The tunnel is of the continuous-flow type with porous test section walls
surrounded by a plenum chamber. Mach number is continuously wvariable
over the range from 0.6 to 1.4 and dynamic pressure is continuously

variable over the range from 200 to 1500 psf.

The tunnel can be operated so that one section of the side wall moves

up to l.4 inches into the airstream. The upstream edge of the movable
wall is a sharp edged splitter plate which scoops off all or part of the
tunnel sidewall boundary layer. It is possible to position the wall to

achieve a boundary layer thickness from 0.25 to 1.0 inch in the panel

test region.

12




TEST PROCEDURES

The total head (boundary layer) probe position was calibrated at ARC.
Also, the pressure transducers were calibrated at ARC. In addition,
standard ARC calibration procedures were employed for pretest calibration

of the wall position.

The first part of the test consisted of using the calibration pamel.

This panel was tested at Mach rumbers of 0.6, 0.8, and 0.9 as shown in

. Table I. The calibration panel was run with the probes in the aft and

forward positions and at high and low dynamic pressures. The actuzl con-

ditions used during test 0A308 are shown in the rum schedule (Table II).

The AFRSI panél was run next. This panel was run with the boundary
layer probes in the forward position for only two rums. At this time,
it was determined that the air flow upstream of the test article was
unaffected by the test article. Therefore, the remaining runs were

performed with the probes in the aft position at Mach numbers of 0.6 and

0.9.

The FRST panel was the last panel to be rum. This panel was run aﬁ Mach
numbers of 0.6 and 0.9 with the probes only in the aft position. No

runs were performed with the probes‘in the forward position for the FRSI
panel. During the testing of the AFRSI panel, it was determined that

the air flow upstream of the test article was unaffected by the test
article. Since data were obtained with the probes in the forward position

for the calibration panel, no additional forward probe runs were necessary.

13



TEST PROCEDURES (Concluded)

As part of the test procedure, grit was placed one inch aft of the
leading edge of the tunnel movable wall. The purpose of this procedure
was to determine the precise location at which the air flow went from
laminar to turbulent. The size of the grit varied from between 0.0097

inch and 0.0116 inch.
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DATA REDUCTION

Data were acquired and reduced on the facility data system. Reduced
data were transferred to facility-supplied HP-9830 disk storage in the
control room. This computer was used to interrogate the boundary layer
probe data and make the calculations and plots meeded for determining the

skin friction coefficient. Rockwell supplied the HP-9830 program.

Standard tunnel equations‘were used to compute all tumnnel conditions.

Static pressure data were reduced to standard coefficient form,

Boundary layer probe data were reduced as follows:

(1) Mach number (Mz) was computed at each probe
height Z, using Pg chosen from the available data:

a) When (PS/Pt) __>_ 0.5283

(2) The data were f£it with a curve of the form:
M, = by + b3Z + bsz?

(3) Mg was obtained using:

Me = Mz at Z maximum



(4)

(5)

(6)

¥}

(8)

(9)

DATA REDUCTION (Continued)

The velocity ratio (Uz/Ug) was obtained using:
1/2

Mz / TZ
U7/U = — {—
¢ z e) Me \\ Te>

were:

(1,/Te) = (1 + .2M3)/(1 + .2r¥3)

The boundary layer thickness (§) was determined by using
seven data points before (Uz/Ug) = 1 in the following

equation:

3 3 S
z/2=<5/2+bl \}/l- (Uz/Ug)

Using 6§ as Z, Mg was found from equation (2)

If (Me -‘Ma)j_i..OOl, step (8) was referred to. Otherwise,
Me was set equal to Mg and step (4) was referred to.

N was determined using:
log (2/§) = (1/N) log (Uz/U,)
The density ratio (pz/pe) was determined from:

(p7/0a) = 1 Pz
277e (T7/To) Pe

16



(10)

(1)

(12)

DATA REDUCTION (Concluded)

The boundary layer displacement thickness (%) was
determined from:

/ ez Uz
§% = 6{{1**———; 5 ) iz
O\ e e

The boundary layer momentum thicknes (6) was calculated from:

The boundary layer shape parameter (H) was calculated from:

H = 6*/6

Typical plotted data for test 0A308 are shown in Figures 3 thru 9.
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Table I

TEST ¢ OCA308

DATE ¢ §-20-82

TEST CONDITIONS

REYNOLDS NUMBER DYNAMIC FRESSUF:E ISTAGNATION TEMPERATURE]
MACH NUWBER (per unit length) (pounds/sg. Fast) (degress Fahrenheit)
0.6 8.20x10¢" 1000 &é
0.6 ]1.26 x 106 150 78
0.8 7.02 %106 [HOO 25
0.8 1.4 {x 106 210 75
0.9 8.02%106 140 0 17/
0.9 7.48%10% 1300 Tk
o.9 7.21x 106 1200 104 -
0.9 £.89%10° /0 OO G
0.9 /. 45%10¢€ 240 8¢

BALANCE UTILIZED: NA
CAPACITY: ACCURACY: %%EE;‘E&%%T

COMMENTS:

NF
SF
AF
Py
RM
YM
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Model Photograph - Calibration Panel

Figure 2
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Data Figures
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RUN

TEST ARTICLE
PROBE PQSITIOM 8FT
WALL POSITICON
BATA RUN MADE

AFRSI SKIH FRICTION DRAG TEST

0A-393
ARC TE3T-PHRASE-TUMMEL
S42- 1. -. 22
185 MACH
3M0ATH DYNAMIC PRESSURE

8.8 INCHES
7/ 13/8%

SEQUEHCE TUNMEL TUMHEL

HUPBER

—
5
OO

[Soarers
[T
e

[
-d

-
w 0O
-

mm@m@&m@&wmg

RO NI

NOAVORN I PR R VY Vg W

BYERAGE
MEAN DEV
STAN 'DEY
CRLCULRTED
EDGE CON

TOTRL

PRES
PSF

3871
S8 v
5881
5833
9881
S8823
S@3l
5821
3619
Sgve
=1
8873
S@v2
28355
5873
5878
5877

‘5873

388!
5879
Se7y
5873
3

18
sS8r4
4332

3TATIC
FRES
- P5F

3972
3323
3329
3235
3331
3979
3375
3239
3375
3378
3375
3959
3377
3333
3993
2982
3233
3352
3932
3392
3937

3982
4

. 9.
3975
3348

JOTAL TEMPERATURE
DENSITY .
REYHOLDS NUMBER/FT

EOUMDARY LAYER THICEMESS'
DISPLBCEMENT THIZKHESS:

MAMEMTUM THIZKHESS
SHRFE PRRAMETER.
FAWER PROFILE. PRAMETER

2-‘18:
8.173-
B8.1322
1.38
3,79
_ STATIC RRKE
‘B$.125 0.455 1.759
LOu M1D HIGH
P3F PSF PsF
3957 3347 3942
3952 3359 3953
3973 3953 3957
3955 3957 3359
3351 3355 3345
3352 3952 3347
3955 3343 3943
3355 3355 23249
3953 3959 3345
3957 3947 3944
3953 3943 3944
3253 3355 39538
3953 3943 3944
2873 3349 3364
3977 3357 3961
33355 3957 2953
2954 3953 3353
3953 3953 3953
3371 3981 3355
3953 39581 23555.
3373 3964 2959
3955 3958 3951
-5 5 5
19 19 11
3952 3%58 . 335@

g.69
18853
83

P5F
DEG F

2.09449 SLG/FTT3

8.858

INSHES
INCHES
INCHES

PROBE

TATAL
PRES"

PSF

£329
1417
4429
4453
$455
1237
4503
4525
155}
4592
1532
4747
4342
4353
4354
3354
4354
4354
$354
1354
4354

-—— m -

FROBE
POSITIIN

CIHIHES

3.931
2.941
2,951
g.932
9.163
6.129
9,142
3.152
- 291
3,283
3.492
0,643
8. 3358
1,389
2.983
2,192
2.289
2.209
2,368
2,499
2,508



RUN

TEST RRTICLE

WALL POSITION
DATA RUN HMADE

.BOUMDARY LRYER THICKMESS
DISPLACEMEMT THIIKNE:S
MOMEMTUM THICKHES:
SHRPE PARAMETER

POWER FROFILE PRAMETER

SEQUENCE TUNHEL TUNMNEL

MUMBER

- '] a - - - - - L] L] - L] L]
OO EOIEIICANHD

P s b b a b e b
03~ G Ul o GO 1) = S0 W0~ Wy

-
\D
(9

29.9

RYERAGE

MEAM DEV
STAM DEV
CALCULATED
EDGE CON

TOTAL
PRES
P3F

754
759
7?71
763
ra=ra
757
7353
76l
-3
797
736
739
751
'nDO
‘788
788
761

-t -J
(1) A
(V)]

~N =~
W

LALLM

AFRSI SKIN FRICTION DRAG TEST

196
SMOOJTH
PROBE POSITION AFT
3.8 INCHES

7/ 13,82

STRTIC @.135

PRES
PSF

394
598
689
597
531
395
396
588
595
595
534
598
596
537
532
598

5G4

599
536

3
535
595

0R-383
ARC TEST-PHASE-TUNMEL
S42- 1 - 22
MRACH g.61
DYMAMIC PRESSURE 155
TOTAL TEMPERATURE. . 77
DENSITY 9.08869
REYMOLDS NUMBER/FT 1.28
2.27 ¢« IHNSHES
d.274 INCHES
B.286 IMCHES
1.33
3.57
STATIC RARKE PROBE
B.458 1.7350 TOTAL
LOM MID HIGH PRES
PSF PSF P5F PSF
534 534 593 547
538 597 557 5356
599 599 S99 533
535 S38 =311 539
531 598 599 Y1)
535 595 533 566
538 S5e 593 &87d
539 5813 €89 583
333 595 595 533
53% 5394 534 794
534 534 523 71t
328 S%8 536 729
3§35 396 3%5 734
538 $37 S9? 734
599 5983 598 734
$33 598 598 734
534 594 - 594 734
531 S50 =317 734
538 996 5935 —-——
2 2 2 ————
3 3 3 -————
535 596 59S ———

PSF
DEG F
SLG/FT3

FROBE
POSITION

IMCHES

3,341
8.952
8.92393
g9.191
B.154
8g.289
n.262
3,439
g.541
g3.3581
1.481
2.881
2.183
2.293
2.382
2.499
2.588
2.502



RUN

TEST BRTICLE
PROBE POSITIGHN AFT.
WALL POSITION
DATR RUN MRDE

SEQUEMCE TUNHMEL . TUNMEL
TOTAL

MUMBER

UL s 0D T

W U+ D 00 T LN W P s 9300 T
OO OHDRROE D

[0 1O 10 ) 1= v= 1 1t 1= vs

AYERAGE
MERH DEV
STARM DEV
CALCULATED
EDGE CON

FRES
PSF

5877
5678
5921
Sast
5851
5873
5375
5372
S578
5879
Sert
5873
5a77
5638
5335
SG88
5930
5881

5@ve’

3
S
5874
5865

AFRSI SKIN FRICTION DRAG TEST

1@9
ShOOTH

8.3 IMCHES
7/ 14,82

NR-388

J42-
MACH

1 -

ARC TEST-PHASE-TUMMEL

DYNAMIC PRESSURE

TOTAL TEMPERATURE -

DEMSITY
REYHOLDS NUMBER/FT 8.28

-BOUMDARY LAYER THICKNESS
DISPLACEMENT THICKHESS
MOMENTUM THICKMESS
SHRPE PARAMETER
POWER PROFILE PRAMETER

STRTIC RAKE

3TATIC B.125

PRES
PSF

39234
3932
3987
3938
2978
37T
3ISFY
3974
3353
3977
3371
3977
3879
33932
3973
3979

3378 .

39?3
3978

n

3
3322
3944

LOWM

P3F

3389
3784
2353
3958
3388
233583
23848
3934
3943
39373
3353
3%7ve
397
2974
3873
3372

3@7‘3

@ 1 tem

33798
2383

5
16
3951

B.458
MID
PSF

3355
3953
3337V
3933
3948
3943
3343
3942
3933
3945
39493
3358
3958
3953
3981
3961

3988 -

39358

3934
£
19
3958

2. 14
3.173
8.133

«38

11.84

1.759
HIGH
PSF

39351
3347
39352
39358
3943
3942
3943
3937
'3Q‘31

3941
3343
3335
3335
3938
3933
3988
3338
3933

3943
8
11

33947 .

8.66
1960

36

6.98438

IMSHES
IMCHES
IMCHES

PROBE
TOTAL
PRES
PSF

4313
43539
4549
43573
4587
45286
4528
4533
47329
4862
4321
SBE7
58867
S8E7
5887
S857
2987
SRE7?

 PSF

DEG F
SLG/FTt3

PROBE
POSITION

IMCHES

B3.3443
8,983
g.331
g, 182
.128
. 1483
. 288

251

. 482
53
.961
. 843
. 1489
~l2b31
2.382
2.481
2,433
2.5808

48 IV YR NI oV I



RUN

TEST ARTICLE

WALL POSITION
DATA RUN MADE

BOUNDARY LAYER THICKMESS
DISPLACEMENT THICKMNESS
MOMEMTUM THICKNESS
SHRAPE PARARMETER

FOWER PROFILE PRAMETER

SEQUENCE TUNHEL TUNMEL

MUMBER

— e b e s b b e s
@(O'louu&O)PJHD\D'JUILﬂJ‘w
OO HOOIOROEOHIIRNO®

A*ERAGE
MEFRN DEY
3TAM DEV
CALCULATED
EDGE CON

TOTAL
PRES
PSF

732
V33
57

v

AFRSI SKIN FRICTION DRAG TEST

119
SMOOTH
PROBE POSITION RFT
0.8 INCHES
14,32

STATIC
PRES
PSF

528
S529
592
534
SEL
394
593
593
993
593
333
593
533
593
394
593

-1
2
9595
592

593

O0R-3@8
ARC TEST-PHASE-TUNHNEL

S42-

1

MACH
DYMAMIC PRESSURE

TOTRL TEMPERATURE -

DEMSITY

REYNOLDS NUMBER/FT

8.125
LOW
P3F

S99
391
934
595
525
3993
335
9395
595
593
393
936

auaon
(WY RTY RV RS 1

"
(¥
for—= N Oy T

|

[}
1 O
} &

(3]

. 450
MID
PSF

528
S99
993
534
594
S94
S94
594
594
534
594
534
394
594
S34

S94

593
1
2
534

22

2. 34
g.249
9.181
1.33

?I 9?

STRATIC RAKE

1.759
HIGH
PSF

5338
589
S92
593
333
993
S93
993
393
593
3593
593
583
593
- 594
593

592
1
2
592

3.60

1S1

78
0.088069
1.26

INSHES
[MCHES
INCHES

PRIBE
TOTAL
PRES

PSF

5351
5535
652
FE7
571
5877
632
593
73
728
V32
738

NN
W
o

W LW
[s PR R LY

PSF
DEG F
SLG/FT3

FROBE
POSITION

[HCHES

8,832
g.1081
8.113
g.143
3.168
9.253
g9.491
3.641
8.3:593
1.493¢9
2.9831
2,191
2.299
2.381
2,483
2.531




AFRSI SKIN FRICTIOM DRAG TEST

0A-3@8

ARC TEST-PHASE-TUNNEL
S42- 1 - 22

RUN 11t MACH
TEST RRTICLE SMOCTH DYNAMIC PRESSUR
PROBE POSITION AFT TQTAL TEMPERATU

WALL POSITION 8.8 INCHES DEMSITY
DATA RUN MADE 7s 14,82 REYNOLDS MUMBER

BOUNDARY LAYER THICKMESS 2.17

DISPLACEMENT THICKME3SS 3.234

MOMENTUM THICKNESS g.18

“HRPE PRRRMETER 1.45

POWER PROFILE PREMETER 3.39

SERUEMCE TUNMEL  TUHNMEL STATIC RAKE

NUMBER TOTAL STATIC 8.125 8.453 1.

PRES PRES Lol MID H
PSF PSF PSF PSF
1.8 713 453 472 471
2.9 713 457 471 473
3.9 713 453 473 471
4.8 713 457 471 74
g.49 714 455 453 453
2.8 rl4 455 4743 453
2.8 714 357 471 463
13.8 A% 457 472 479
11.8 2% 457 471 473
12.4 714 457 471 473
13.8 714 457 472 471
14.9 vi3 457 472 473
15.9 Vi3 457 472 471
13.¢ “713 457 472 471
19.68 "713 457 472 471
29.9 713 457 472 - 471
RYERRGE 713 457 471 478
MERAN DEV | % 1 1
STAM DEV 1 1 1 1
CHRLCULRTED 71z 453 471 471

EDGE CON ga3 458 ———— | ==—- -

g.80
E 289
RE . 75
8.088858
/FT 1.41
IMSHES
S IMNCHES
9 INCHES
PROBE
758 - TOTAL
IGH PRES
PSF PSF
459 559
453 982
459 Sés
458 572
455 573
487 588
453 539
489 5993
453 528
453 533
483 E7
459 5329
4573 639
4589, 583
4593 £33
489 883
483 ————
1 -~ ——
1 - ——
353 ——

PSF
DEG F
SLG/FT+3

PROBE
POASITION

[HCHES

g.842
3.883
9.031
d.188
8,148
8,284
3,351
3. 489
8.842
g.358
<433
.R82
. 182
481
. 388

FO IO PO 10 10—



AFRSI SKIM FRICTIOM DRAG TEST

OR~-3g8
ARC TEST~-PHASE-TUNMEL
S42- | - 22
RUN 114 MACH @.88
TEST ARTICLE SMOOTH DYMAMIC PRESSURE 1408 PSF
PROBE POSITION AFT TOTAL TEMPERATURE - 935 DEG F
WALL POSITION 9.0 INCHES DENSITY 8.90371 SLG/FTT3

DATA RUN MRIE 7 15,82 RE'YNOLDS NUMBER/FT 9.82
BOUNDARY LAYER THICKHESS 1.97 INSHES

[ ISPLACEMENT THICKMESS 2.178 INCHES
MOMENTUM THICKMESS 9.128 INCHES
SHAPE PRRAMETER 1.41
POWER PROFILE PRAMETER 10.37
SEQUENCE TUNNEL TUNMEL " STRTIC RAKE PROBE  FROBE
NUMBER  TOTAL  STATIC ©.125 9.458 1.758 TOTAL POSITION
PRES  PRES Lod  MID  HIGH  PRES
PSF PSF PSF PSF PSF PSF  IHCHES
1.0 4777 3127 3131 3116 3185 - 3883  9.941
2.9 4773 3136 3137 3128 3t12 2315  @.081
3.8 4728 3142 3147 3131 3122 3953  9.881
4.8 4731 3141 3142 3127 3118 3393 48.182
5.5 4778 3145 3148 3132 3124 4935 B.121
£.5 4781 3142 3142 3136 3118 4851 2. 149
7.9 4724 3137 3135 3122 3183 4978 9.181
3.9 4730 3131 3132 3117 3193 4115 @.291
3.9 4720 3135 3135 3122 3112 4153  @.25!
18.9 4778 2144 3148 3131 3122 4294 9.409
1.8 4773 3149 3145 3138 3121 4394  0.542
11.5 4779 3127 3125 3114 3183 4414 3,842
12.8 4773 31380 3133 3113 3111 4562  9.968
13.0 4730 3133 3135 3124 3113 4794 1,482
14.8 477 2132 3137 3124 3114 4751 1,761
15.8 4781 3142 3148 - 3133 3124 4757  2.882
16.8 4731 3139 . 3151 3132 3126 4778 2.191
17.9 4761 3136 3141 3129 3117 4779 2.282
18.8 4781 3139 3145 3131 3121 4778 2.381
19,0 4733° 3138 3149 3125 3115 4778 2.491
29,8 4783 2125 3133 3118 3189 4778  2.581
21.0 4732 3129 3133 . 3123 3112 4778 2.682
AVERAGE 4738 3136 3148 3125 3115 ====  -=—=
MEAN DEV 1 5 5 S R
STAN DEV 5 8 5 7 18 = mme-
CALCULATED 4776 3127 3135 313t 3114  ====  =---

EDGE CON 4764 3112  ==22 =22 Zeme mmem =se-




AFRSI SKIN FRICTIOM DRAG TEST
QR-368

RRC TE3T-PHASE-TUNMEL
S42- 1 - 22

RUN 1135 MACH 3.98

TEST ARTICLE SMOOTH DYMAMIC PRESSURE 1443 PSF
PROBE POSITIGN AFT - TOTAL TEMPERATURE . 111 DEG F
WALL POSITION 8.8 IMCHES DENSITY 8.882%% SLG/FT*3

DATA RUN MRIE 7, 15782 REYNQLDS NUMBER-FT 8.863
| BOUNDARY LAYER THICKHESS 2.12 INSHES

DISPLACEMENMT THICKMESS 8.152 INCHES
MOMENTUM THICKNESS 8.1493 IHCHES
SHAPE PRRAMETER 1.43
FOWER PROFILE PRAMETER 18.37
SEQUENCE TUMMEL TUMHMEL STRTIC RAKE PRIOBE PRUBE
NUMBER TOTAL STRTIC 8.123 8.453 1.796  TOTAL POSITION
PRES FRES LOW MID HIGH PRES
PSF PSF PSF ° PSF PSF PSF IHCHES

1.8 41391 2479 2474 2433 2447 3241 8,549
2.8 4192 24713 2473 2458 2434 3257 H.5969
3.8 4185 247 2473 2439 2447 328e g9.8823
5.8 4177 2473 2457 2434 24473 33as g.188
€.0 4131 2434 24773 246585 2435 3373 g.122
7.8 4138 2431 2477 2454 24354 3411 d.141
8.8 4137 2432 2433 2474 24585 3417 B.151
9.8 4192 2313 2517 2382 24373 3472 8.13%
16.0 4133 24439 2449 2428 2415 3582 g.251
12.0 4193 2472 2487 2435 2444 35839 - 8.44@3
13.98 4134 2474 2479 2437 2445 3859 3,548
14.9 4194 2324 2473 2466 2453 4839 g,9s51
15.0 4195 2477 2479 2452 2433 4133 1.488
16.9 41328 2474 2459 2435 2448 2139 1,782
17.9 4126 247 2472 24543 2343 4179 2.391
183.6 4134 2434 2486 - 2472 2981 4173 2,182
18.5 4138 2485 . 2483 2433 2443 4179 2.183
13.0 4135 2433 2433 2478 2483 4173 2.288
29.@ 4135 2433 2433 2474 2484 4179 2.3688
RYERAGE 41392 2479 2477 2483 2432 ——— ———
MERAN DEV 4 k4 18 1a 16 ———- ———
STRHM DEV & 13 is 13 1S -—— ———
CHLCULATED 4131 2478 2472 2458 2451 ———- ———
EDGE CON 417 2447 ———- ———— ———- -———- ———



"AFRSI SKIN FRICTION DRAG TEST

0A-393
ARC TEST-PHASE~TUNMEL
542- 1 - 22
RUN 117 MACH 0.9@ .
TEST ARTICLE  SMOOTH DYNAMIC PRESSURE 239  PSF
PROBE PQSITIC: AFT TOTAL TEMPERATURE - 85 DEG F
WALL POSITION  @.8 INCHES  DENSITY 0.20853 SLG/FT*3

DRATA RUN MADE 7/ 15732 REYMOLDS NUMBER/FT 1.43
‘BOUINDARY LAYER THICKMNESS 2.19 INSHES

DIZPLACEMENT THICKNESS 8.243 INCHES
MOMENTUM THICKNESS 3.151 INCHES
SHAPE PARAMETER 1,51
POWER PROFILE PRAMETER 8.66
SEQUENCE TUNMEL TUNMEL STATIC RAKE PROBE  PROBE
HUMBER  TOTAL  STATIC ©.125 ©.459 1.7S@ TOTAL POSITION
PRES  PRES LON _ MID  HIGH  PRES
PSF PSF PSF PSF PSF PSF  INCHES
2.9 714 422 425 423 421 527  9.248
3.9 717 424 427 425 423 533 9,951
4.0 716 423 426 424 422 533  @.982
5.9 715 423 425 424 422 543  9.181
5.9 716 423 426 424 422 558 @.12t
3.0 718 422 424 422 420 555  9.158
9.9 716 422 428 424 422 S64  ©.209
15.9 715 423 428 424 422 577  9.261
11.9 718 422 425 423, 421 595 9,498
12.0 716 422 425 423 421 527  9.841
13.0 715 422 425 423 421 53 8.952
13.5 719 424 427 4253 423 543  9.950
14.9 715 421 424 422 428 672 1,402
15.9 £ 715 421 424 422 420 632  1.70l
15.5 728 425 428 42§ 424 587 . 791
15.5 729 425 428 - 426 424 689  1.791
15,9 717 422 . 428 423 422 781 2,905
17.9 717 422 426 424 422 791 2.180
13.8 717 432 425 423 422 781 2.293
19.9 7177 422 426 423 422 781 2.390
29.9 718 421 425 423 429 791 2.491
21.9 717 421 42" 423 421 701 2.598
22.9 7217 . 422 427 425 423 701  2.581
RYERAGE 717 422 425 424 422 —==-  —=ms
MEAN DEV { 1 1 1 T
STAN DEV - 2 { 1 1 T
CALCULATED 714 422 425 424 422 ==--  =mm-
EDGE CON 781 421 ---- e g



: HFRSf SKIN FRICTION DRAG TEST

OR-388
ARC TEST-FHASE-TUNNEL
| S4z2- | - 22
RUN 118 " MACH 2.50
TEST ARTICLE  SHOOTH DYNAMIC PRESSURE 241  PSF
PROBE PGSITION AFT TOTAL TEMPERATURE . 83 DEC F
WALL POSITION 1.5 INCHES  DENSITY B.60053 SLG/FT™3

- DATA RUN MADE 7/ 13,82 REYHOLDS NUMBER/FT 1.47
.BOUNDARY LAYER THICKMESS g.85 INSHES

DISPLACEMEMT THICKMESS G.868 INCHES
MOMEMTUM THICKHESS g.846 [INCHES
SHAPE PHRAMETER 1.47
POWER PROFILE PRRAMETER 9.69
SEGUENCE TUNHEL TUNNEL STATIC RAKE PRABE PROBE
MUMBER TCT4AL  STATIC ' 8.123 8.458 1.738 TOTAL POSITION
PRES PRES LouW . MID HIGH PRES
PSF PSF PSF P3F PSF PSF INCHES
1.8 717 423 425 422 419 . 357 4,898
2.8 17 423 425 422 419 - 981 8,983
3.0 717 423 424 422 419 372 g.832
4.8 717 423 423 422 419 331 g.194
3.8 717 423 424 422 419 608 g.134
5.8 713 422 424 421 419 617 8.13%
7.0 714 422 423 429 418 £45 g9.280
3.3 714 422 423 421 418 57¢ g.482
2.8 714 422 429 422 419 533 B3.548
1.8 713 422 423 421 418 6§32 g.5a81
11.98 713 422 424 422 419 837 8,539
12.¢ 718 422 424 421 419 697 8,382
13.8 713 423 425 422 413 897 4.3343
14.0 “713 422 424 $21 413 637 1.882
15.49 ‘715 422 424 421 419 897 1.183
16.0 7i4 422 424 - 421 413 8§97 1,298
17.0 7l 422 | 424 421 418 8§97 1.3684@
18.8 714 421 424 421 418 897 1.482
19.8 714 432 424 321 418 897 1.598
29.8 714” 422 424 421 418 537 1.582
AYERAGE 713 422 424 421 419 ———- ———
MEAN DEV 1 @ 8 1 8 ———— -
STAM DEV i 1} 1 1 @ ——— —
CALCULATED 717 423 424 421 8 ———- -——-
EDGE CON €97 418 ——— ——— ——— —-———- ———-



AFRSI SKIN FRICTION DRAG TEST

OR-388
ARC TEST-PHASE-TUNMEL
S542- t - 22
RUN 129 MACH 3.99
TEST ARTICLE  SMOQTH DYMAMIC PRESSURE 1327
PROBE POSITION AFT TOTAL TEMPERATURE - 113
WALL POSITION 1.0 INCHES DENSITY 9.03274

DATA RUN MRIE 77 135/82 REYMOLDS NUMBER/FT 7.48

'BOUNDARY LRAYER THICKHESS 8.78 INSHES

DISPLACEMENT THICKMESS 2.841 INCHES
MOMEMTUM THICKMESS 8,928 INCHES
ZHAPE PARAMETER 1.46
POWER PROFILE PRAMETER 11.25
SEQUEMCE TUNMEL TUNNEL STATIC RAKE PROBE
HUMBER TOTAL  STATIC 8.135 8.4509 1.759 TOTAL
PRES PRES LOW . MID HIGH PRES
PSF PSF 3F RSF PSF PSF

L3

$o WG &0 0~ Ty Ul do W=
0O

P

AVERAGE
MEAN DEV
STAN DEV
CALCULATED
EDGE CON

3943 2322 231ls 2391 2286 3214
3949 2327 2324 2386 2291 3259
3957 2331 2326 2318 2294 3348
3951 2337 2333 2315 2381 2421
3966 2339 2338 2313 2384 3568
3979 2347 2345 2325 2313 3724
3978 2352 2343 23293 2315 39594
3¢ a2 2383 2334 2333 2322 3938
3339 2343 2379 23293 2313 39351
3978 2348 2345 2327 2315 3953
3331 2354 2334 2335 2321 3985
3978 2351 2345 2323 2318 3963
3977 2351 2334 2333 2320 3965
3978 2348 2348 23328 2315 33965

3378 2344 2341 = 23a3 2369 ————

19 9. 19 3 18 -——

14 11 14 12 13 -——
3948 2328 2341 2323 ") —
3964° 2308  -=--  -=-= ———m omee

A-10

PSF
DEG F
SLG/FT*3

PROBE
POSITION

INCHES

9,349
8,961
8.331
8.199
3.149
a.291
9. 394
8.41909
9,582
8.581
8,783
9.393
8,932
1,008



RUN 22
TEST ARTICLE 3MQ
PROBE POSITIOMN AFT

WELL POSITION 1.5 INCHES
DATA RUN MRARIE 7/ 15/82

SEQUENCE TUMHEL TUMMEL

MUMBER TOTAL

PRES
PSF
13353 753
35358 758
35353 759
3353553 753
333338 . 58
333353 757
332333 759
$3333 737
3533 75l
$35338 el
$5333 V37
553555 758
33353 759
35333 -73%
535338 ' 758
53353 751
55335 759
53583 761
 AYERAGE 759
MERM DEV 1
STAN DEV 1

CRLCULATED 761
EDGE CON 743

AFRSI SKIN FRICTION DRAG TEST

2
OTH

CR-383
RRC TEST-PHRSE-TUNMEL
S42- 1 - 22
MACH 6.€8
DYNAMIC PRESSURE 158
TOTRAL TEMPERARTURE . 83
DENSITY 8.8@48s5%

REYMOLDS MUMBER/FT .24

BOUMDARY LAYER THICKNESS
OISPLACEMENT THICKNMESS
MOMENTUM THICKNESS
SHARPE PRRAMETER
POMER PROFILE PRAMETER

STATIC ©.123

PRES
PSF

S35
S98
394
337
598
393
595
S94
398
376
334
395
595
394
293
395

335 .

535

395
|
1
397
S87

1.13 INSHES
8.376 INCHES
3.957 IHCHES
1.32

9.15

STATIC RAKE PROBE
R.458 1.738 TOTAL

LW HWID  HIGH  PRES
PSF PSF PSF PSF
592 559 538 §58
593 591 598 576
592 599 538 538
534 593 591 636
593 591 599 £98@
595 538 s87 780
593 531 539 764
531 539 587 728
593 591 589 725
533 591 599 723
531 599 533 733
592 599 588 742
592 591 539 743
531 533 538 743
532 598 589 748
593 531 589 748
533 se1 - 539 743
592 591 59 748
592 598 539  ----
1 1 1 ——--

1 -1 1 ----
532 593 g  ----

A-11

" PSF

DEG F
SLG/FT3

PROBE
FOSITION

INCHES

4,281
8.391
B8.382
B.483
8.483
9,388
q,539
1.988
1.381
1.481
1.481
1.381



RUN

TEST ARTICLE

WALL POSITION
DATA RUN MADE

SERUEMCE
HUMBER

VU~V A $ W s = G0 T & W o e
OO UOOICOUOAOOO®

PO NS s = s 3t s o = b e

AYERAGE
MERN DEV
STAN DEV
CALCULATED
EDGE CON

v

AFRSI SKIN FRICTION DRAG TEST

123
SMOOTH
PROBE PUSITION RFT
1.5 INCHES
15,82

TUNMEL  TUMMEL

TOTAL
PRES
PSF

NNNNNN N NN AN NN NN NN N Y
L N e N N N R R

-t
—
(% o I <N HLAWLWATIOIO Y M) N O 0000 W

~
—
n

697

STATIC
PRES
P3F

453
471
471
471
459
489
457
455
485
453
459
457
487
457
453
457

4883 .

453
459

468
1
2
458
464

OR-388
ARC TEST-PHASE-TUNMEL

542-
MACH

i -

22

DYMAMIC PRESSURE

TOTAL TEMPERATURE -

DENSITY
REYMOLDS HUMBER/FT

-BQUNDARY LAYER THICKMESS
- DISPLACEMENT THICKMESS
MOMENTUM THICKMESS
SHAPE PRRAMETER
POKER PROFILE PRAMETER

8.34
9.386
8.847
1.43
9. 14

STATIC RAKE

B.125
LOW
PSF

469
471
471
471
473
473
457
458
456
453
478
457
453
458
453
467
459
4569
479

4593
2

2
469

A-12

0.453
MID
PSF

458
459
469
489
457
463
455
453
454
453
467
453
455
465
457
465

1.750
HIGH
PSF

454
4586
487
456
485
465
452
461
461
451
453
463
453
453
483
463
464
454
465

9.30

289
34

A.00057
1-38

INSHES
INCHES
INCHES

PROBE
TOTAL
PRES
PSF

77
- 399
597
533
825
643
5613
531
539
537
637
637
537
837
897
697
597
697
597

PSF
DEG F
SLG/FT3

FROBE
P3SITION

IMCHES

[ RO g

91

DD OO



AFRSI SKIN FRICTION DRAG TEST

JA-368
ARC TEST-PHASE-TUMMEL
S42- { - 22
RUN 124 MACH 6.68
TEST ARTICLE  SMOOTH DYHNAMIC PRESSURE 1398 PSF
PROBE POSITIOM RFT TOTAL TEMPERATURE - 113 DEG F
WALL POSITION 1.5 INCHES  DENSITY 8.88434 SLG/FT+3

DATA RUN MADE 7/ 15/82 REYMNOLDS MUMBER/FT 7.6%9
-BOQUNDARY LAYER THICKMESS g.64 INSHES

DISPLACEMEMT THICKMESS 8.6835 INCHES
JIGMENTUM THICKNESS 8.8287 INCHES
SHAPE PARAMETER - : 1.28 :
POWER PROFILE PRAMETER 18.88
SEQENCE TUMHEL TUNMEL STRATIC RAKE PROBE FROBE
MUMBER  TOTAL  STATIC 8.12S 8.4518 1.7358 TOTRL POSITION
PRES PRES LOW MID HIGH PRES
PSF PSF PSF - PSF PSF PSF I[NCHES
1.8 874 3881 3943 3927 3918 4532 8,848
2.9 387S 39848 3941 3925 3916 4535 3,839
3.9 Sg881 3933 3938 3934 3925 4788 g.832
4.9 3873 3388 3943 3928 33916 473& g.182
5.8 S@st 39739 3937 3941 3929 4353 8.13
5.9 5888 3991 3951 3937 3927 2353 g.281
7.0 3873 3989 3953 3935 3926 SB22 9.383
3.9 58928 3399 3957 3933 33931 2838’ 3.489
3.9 S8a1 | 3937 3354 3938 3827 2872 g.3582
11.8 S@3z2 ' 399l 3333 3948 3334 9872 8.539
12.0 5832 3938 3358 3934 3925 S872 g.381
13.98 S€ 22 39385 3932 3934 3927 3672 g.399
14,8 5833 3933 39564 3943 3938 sgra 1.991
15.8 9881 3991 39359 3948 3932 3872 1.181
16.9 5877 3987 3943 3938 3928 S87a 1.288
17.8 2879 3985 3952 - 3934 3926 S8ve . 1.369
18.8 5877 3982 . 3943 3933 - 3924 Sevz  1.481
13.0 2881 3989 3935 3938 3929 3872 1.568
28.@ 3884 3993 °© 3938 3943 3934 =17t 1.6899

AVERAGE 586386 3987 3953 3938 3927 ———- ———-

MEfAH DEV 2 4 5 4 4 ———- ——
STAN DEV 7 7 3 3 7 —— ——
CALCULATED S@74 3982 3953 3935 3 —— ——

EDGE CON 5872 3927  =-==  ====  ====  —m;= -

A-13



RUN

TEST ARTICLE

AFRSI SKIN FRICTION DRAG TEST

127

SMQQTH

PROBE POSITIOM FORWARD
WALL POSITION
DATA RUN MADE

SERUENCE
MUMBER

OGO UOIOIETOOR

WO DLW JT U Do

S

AYERAGE
MEAN DEV
STHN DEV
CALCULATED
EDGE CON

1.5 IMCHES
7?7 16/82

OR-388

S42-
MACH

i -

ARC . TEST-PHASE-TUNMNEL
22

D'YNAMIC PRESSURE

TOTAL TEMPERATURE -

DENSITY
REYMOLDS NUMBER/FT 3.84

‘BOUMDRRY LRYER THICKMESS
DISPLRCEMEMT THICKMESS
MOMENTUM THICKNESS
SHAPE PARAMETER
POWER PROFILE PRAMETER

STATIC RAKE

TUNNEL TUNMEL
TOTAL  STATIC ©.180
PRES  PRES LOK
PSF PSF PSF
5383 3936 3957
Se24 3939 397
Se31 3988 3957
5088 3983 39593
5983 3988 397¢
588 3931 3951
5981 3993 3972
S@s1 3939 3972
sa77 397 3359
S839 3991 3979
$380 3999 3969
S@5@ 3937 3973
S@84 3385 3964
5@33 3332 3962
sest 3987 3967
! 3. 4
2 4 9
5@77 3939 3957
5868 ° 3366  -~--

A-14

8.375
MID
PSF

3962
39¢€5
3953
3955
3964
3953
3279
3955
3957
3967
3987
3388
3969
3953

- 3963
4 .

3
3963

a.
g.
2.

1.
5.

18
218
813

3
'S

4 W

-

1.580
HIGH
PSF

3348
3953
2933
3942
3351
3946
3938
3953
3343
3953
3953

3953,

3346
3944

3958
4
8
9

9.68
1983
9S

PSF
DEG F

3.88443 SLG/FTT3

INSHES
INCHES
INCHES

PROBE

TOTAL

PRES
PSF

4359
4532
4713
4821
4545
4399
2933
S861
28651
2961
S961
94561
3del
=111

-
- -
- e
- - -

FROBE
FOSITION

[MCHES

3.812
a.331
8,853
9.972
9.933
3,129
g.141
9,161
8.192
g9.133

<242
9.391
g.341
9.392



AFRSI SKIN FRICTION DRAG TEST

0f-388
ARC TEST-PHASE-TUNMEL
S42- 1 - 22
RUN 129 MACH 6.68
TEST ARTICLE SMOQTH YNAMIC PRESSURE 152 ~ PSF
PROBE POSITIOM FORMWARD TOTAL TEMPERRTURE - &9 DEG F
WALL POSITICN 1.4 INCHES DENSITY 8.68878 SLG/FT*3

DATA RUN MRDE 7/ 139,382 REYNOLDS NUMBER/FT 1.29
‘BOUNDARY LAYER THICKMESS - 8.22 IMSHES

DISPLACEMEMT THICKMESS @.825 INCHES
MOMENTUM THICKNESS 8.018 [INCHES
SHAPE PARAMETER .48
SOWER PROFILE PRAMETER S.738
SEWUENCE TUNMEL TUHNEL STATIC RAKE PRCBE FRUBE
MUMBER TOTAL  STARTIC 6.188 B8.375 1.599 TO0TAL POSITION
PRES PRES LOM MID HIGH PRES
PSF PSF SF - PSF PSF PSF INCHES
1.5 738 594 3585 S94 S391 548 8,089
1.6 761 39S 395 593 593 545 8.812
1.8 -1 397 598 537 593 a7 8.813
2.8 752 994 338 594 S92 €va g.833
3.8 vel 338 S37 5286 594 £8S 89.832
3.5 7E2 337 S38 S87 S93 538 8.853
4.8 754 598 S99 398 398 837 g9.87a
S.9 753 398 399 598 S93 71z g9.9393
£.9 782 398 397 376 393 I8 %3 §.122
7.8 75l 395 937 538 293 723 B.142
3.8 7E8 396 397 596 594 737 8.161
9.8 739 5935 395 535 593 737 g.191
18.8 739 388 3%6 595 533 737 @.241
11.8 TV 39 993 598 39S 392 737 8,232
12.8 7392 289 398 35389 S87 73V 3.341
13.8 733 9949 592 594 388 737 g.333
14,06 733 591 . 533 592 389 737  8.493
13.9 733 932 394 983 . 596 737 3.3%1
16.8 738 593 534 583 S99 37 3.592
AYERAGE 739 39S 598 335 592 ———- -~
MERN DEVY 3 2 2 2 2 -——- ———=
STAN DEV 4 3 2 3 3 ———- ———=
CRLCULRATED 764 397 396 395 @ ——— ———
EDGE CON 737 $95 - ——— ——— -~

A-15



RUN

TEST ARTICLE
PROBE POSITION FORWARD
WALL POSITION
DRTA RUN MRDE

SEQUENCE TUNMEL TUNNEL

MUMBER

W= WO NOIU G U = G W W T Ul WD e
00RO EOOIRIAIRIIEGOITE

PO O P FO IO 1=+ e 4ot 1t 4= = 1= =
H

AYERAGE
MERAN DEY
STAN DEV
CALCULARTED
EDGE CON

TOTAL
PRES
PSF

FO N[O s 0 s s =4 > e e

Oy M T H TN T FeTh oy Ty

(2 )]
w

NN I N NN I NN N TN
[v S0
N ro

763

763°

7?63
7?83
vE2

T2

752
759

AFRSI SKIN FRICTION DRAG TEST

139
SMOQTH

8.3 IMCHES
77 19-82

STATIC
PRES
PSF

596
597
597
597
397
597
397
597
997
597
597
397
S97
597
597
S93

598 .

597
533
538
598
598
596

597
9
1
537
596

DR-393
RRC TEST-PHASE-TUNNEL

542~
MACH

1 -

22

DYMAMIC PRESSURE
TOTAL TEMPERATURE
DENSITY
REYNOLDS NUMBER/FT

‘BOUMDARY LAYER THICKMESS
DISPLACEMENT THICKMESS
MOMEMTUM THICKMESS
SHAPE PRRAMETER
POWMER PROFILE PRAMETER

2'24
9.233
2.293
1.43
7.11

STRTIC RAKE

8. 103
LOW
PSF

397
398
538
533
538
5278
398
328
532
523
398
399
599
5399
599
608
608
599
503
6588
589
6998
538

599

A-16

3.376
MID
PSF

397
5938
592
593
538
598
538
597
598
598
528
593
398
S593
528
508
929
598
399
599
689
999
597

598
1
1
533

1.508
HIGH
PSF

595
596
598
996
396
596
596
398
S96
536
598
S36
536
596
596
598
S97
597
533
597
598
597
536

598
1
1
598

d.60

131
67

INSHES
INCHES
INCHES

PROBE
TOTAL
PRES
PSF

528
643
6§51
5548

PSF
DEG F

8.88871 SLG/FT*3

1.2

FROBE
POSITION

IMCHES

9.812
a,831
9.951
3.971
@.932
2.114
@.131
3.133

g.191

3,232

3.393
"3.8631

3,953

1.391
531
991
892
132
221
323
431

LVERVEAVE OV (VR SV AV R ol g
- - - . L]



RUM

TEST ARTICLE
PROBE POSITION FORWARD
WALL POSITION
DATA RUN MADE

SERUENCE TUR {EL  TUMMEL
TOTAHAL

HUMBER

“ & o

OO NRDAOODOIDO®

~ O U S e (D WD 00 T AN e Lo PO

[P NN =

AVERAGE
MERAN DEV
STAN DEV
CALCULATED
EDGE CON

PRES
PSF

3885 .

SKB83
5882
S5@32
5832
5a32
Se32
5832
5832
5333
o834
5883
5833
$883
58323
Sg3z2
3@32
59881
58213

Save -

5830
@31

Sesz
1
3
Se82
=1=1 1)

RFRSI SKIN FRICTION DRAG TEST

131
SMOOTH

@.8 INCHES
7/ 19732

" JR-388

542-
MACH

i -

ARC TEST-PHASE-TUMMEL

22

DYHMAMIC PRESSURE

TOTAL TEMPERATURE .

BEMSITY '
REYHOLDS NUMBER/FT 8.22

.BOUNDARY LRAYER THICKMNESS
DISPLACEMENT THICKHNESS
MOMENTUM THICKMESS
SHAPE PRARAMETER
FOWER PROFILE PRAMETER

2.13
g.1906
8.133
1.38
8.79

STATIC RAKE

STRTIC §.108

PRES
PSF

3988
3338
3982
3332
3983
33933
3327
3934
3383
3933
33886
3999
3388
3931
3939
3993

3939 |

3996
3988
3982
3331
3983

3988
.3
8
33984
3932

LOW
PSF

3368
3965
39852
3959
3983
3368
3354
3954
3953
3954
3386
3983
39658
3571
3974
3972
3378
3374
3978
3957
3963
3976

A-17

8.378
MID
PSF

3968
3987
3954

3961

33583
3961
k1Y
3953
3988
3%85
3967
3871
3953
3875
39735

- 3873
3972 -

39735
3973

3978

3964
39709

39é38
4
I
39¢e

1.808
HIGH
PSF

3253
3954
3958
3348
3951
3949
3982
3951
3332
3358
- 3983
3933
33935
381
2968
33393
39358
39588
3837
3957
3790
3353

3354
3
8
3354

8.59
1264

86

8.884357

INSHES
INCHES
INCHES

PROBE
TOTAL
PRES
PSF

4251
4397
4449
4434
4525
4339
4388
4382
4521
4535
47ES
4338
=837
Sg847
Sgsv
3887
S867
9887
S387
3887
9857
S8Ee7

" PSF

DEG F
SLGAFTT3

FROEBE
POSTITION

INCHES

g.all
©.832
3.851
3.872
B8.931
g.111
8,131
8.153
2,131
g.232
8.331
3.351
1.3%1
1.892
1.391
2.4832
2.191
2.298
2.3%1
2.492
2.593
2.632



AFRSI SKIN FRICTION DRAG TEST
0R-393

RRC TEST-PHRSE-TUNNEL
S42- | - 22

RUN 133 MACH 4.9@

TEST ARTICLE  SMOQTH DYNAMIC PRESSURE 1484  PSF
PROBE POSITIOM FQRWARD TOTAL TEMPERATURE . 188 DEG F
WALL POSITIOM 9.9 INCHES  DENSITY 0.60381 SLG/FT*3

DATR RUN MRDE 7/ 18/82 REYMOLDS NUMBER/FT 8.23
BOUNDARY LRAYER THICKNESS 1.85 INSHES

DISPLACEMENT THICKMESS 8.178 IHNCHES
MOMENTUM THICKMESS d.115 INCHES
SHAPE PARARMETER 1.54
POWMER PROFILE PRAMETER g8.29
SEQUENCE  TUMMEL TUNNEL STATIC RAKE PROBE FPROBE
HUMBER TOTAL STATIC 09.14v@ 8.375 1.309 TOTRAL POSITION
PRES PRES LOW MID HIGH PRES
PSF PSF PSF . PSF PSF PSF IMCHES
1.9 4197 2487 2471 2473 2434 2342 g.913
2.8 4298 2483 2454 2457 2449 2839 9.032
3.9 4202 2437 2479 2472 2454 3159 9.951
4.8 42935 2431 2474 2475 2459 322 a.872
3.9 4237 2495 2473 2479 24864 3262 8,931
6,0 42498 2498 2433 2485 24886 33835 g.181
7.9 4219 24938 2433 2484 2457 3381 8,139
2.0 42098 2431 2474 2474 2438 3374 8,132
18.9 4231 2458 2473 2475 2457 34391 9.2:23
11.9 4139 2439 2477 2473 2438 3827 9.369
12.0 4196 2483 2472 2473 2457 3383 8.3548
13.8 4194 2438 2477 2479 2458 3826 3.531
14.8 4134 2437 2473 2473 24358 3393 8.952
15.8 4133 24656 24385 24553 2439 41138 1.39%92
1.9 3131 2476 2459 2479 2451 4174 1.832
17.9 4193 2477 2473 - 2475 24358 41795 1,392
18.9 4192 2479 . 2477 2479 - 2438 4178 2.89%8
19.9 4193 2479 2478 2477 2453 4181 2.193
20.8 4134 2439 2477 2479 2458 4181 2.2%9
21.90 © 4194 24793 2473 2473 2459 41381 2.392
22.9 4194 2437 2437 2439 2479 4181 2.492

23.0 4194 24386 2484 2485 2468 4181 2.532

AYERAGE 4198 2485 2475 2476 2453 === ===
MEAN DEV 5 5 5 5 4  memm —mme
STAN DEV 10 10 3 9 7 mmem mmme
CALCULATED 41-38 2487 2477 2474 2458  =—== ===
EDGE CON 4174 2458  ====  =a=a=  c;me  ccce cee-

A-18




RUN

TEST ARTICLE
PROBE POSITION FORWRRD
WALL POSITION
DRATA RUM MADE

SEGQUENCE TUHMEL TUNMEL

NUMBER

0 00 O A e LD O
. - - - L] - - - o -
TIOMOODODRE

- [ el —
(11 E o Y]
(s D@D

b
[vs B ]
- -
[ X

15.@

AYERRGE
MERN DEVY
STAM BEV
CALCULATED
EDBGE CON

AFRSI SKIN FRICTION DRAG TEST

134
SMOQTH

8.9 INCHES
7/ 19s/82

OR-36¢

MR

CH

1

ARC TEST-PHASE-TUNNEL
S42-

22

DYHAMIC PRESSURE

TOTAL TEMPERATURE .

DENSITY

REYMOLDS NUMBER/FT

BAUMDARY LAYER THICKHMESS
DISPLACEMENT THICK
MOMENTUM THICKMESS
SHAPE PARAMETER

POWER PRUOFILE PRAMETER

TOTAL
PFZS
PSF

724
8§98
€38
784
712
719
736
727
713
e
738
729
72%
‘728
‘723
ral
728
718

719-

8
11
725
783

STRTIC @©.1v8

PRES
PSF

428
4193
415
429
428
428
431
431
423
423
423
423
428
427
426
426

425 |

424

425

4
5
427
423

LOu
PSF

423
412
413
422
427
4313
433
433
423
438
431
439
431
439
423
429
429
427

427

4
3
427

HESS

1.83
89.213
@.132
1.61
6.33

STATIC RAKE
8.375

A-19

MID
PSF

427
412
417
421
425
429
432
432
424
429
431
423
438
429
429
429

428 -

428

427
4
5
427

1.380
HIGH
PSF

424
489
414
418
423
426
429
429
421
425
427
425
427
425
425
425
425
423

424

4 .

S
8

8.%g

244
34

8.98833
1.48

INSHES
IMCHES
INCHES

PROBE
TOTAL
PRES
PSF

477
437
583
S19
333
943
3354
338
351
3739
€83
532
8675
784
785
786
7as

738

- PSF

DEG F
SLGAFT®3

PRIOBE
POSITION

IHCHES

2.312
8.831
83.833
B. 872
g.8392
g.112
g.12%9
8,133
5,132
H,.232
g.3%1
8.833
8.551
1.392
1.893
1.3%92
2.8s2
2.131



HFRSf SKIN FRICTIOM DRAG TEST

Q0R-3088
ARC TEST-PHRSE-TUNNEL
S42- 1+ - 22
RUM 136 MACH d.99
TEST ARTICLE  SMOOQTH DYNAMIC PRESSURE 1166 PSF
PROBE POSITION FORWARD TOTAL TEMPERARTURE . 99 DEG F
WALL POSITION 1.8 INCHES  DENSITY 0.00249 SLG/FT*3

DATA RUN MHDE 7/ 28/82 REYMOLDS NUMBER/FT €.84
BOUNDARY LAYER THICKMESS 8.21 INSHES

DISPLACEMENT THICKMESS 8.819 [MCHES
MOMENTUM THICKMESS 9.812 [INCHES
SHAPE PARAMETER 1.54
POWER PROFILE PRRAMETER 8.153
SEQUENCE TUNMEL  TUNNEL STATIC RAKE PROBE FROEE
MUMBER TOTAL STATIC 0©.198 0.376 1.868 TOTAL FPOSITION
PRES® PRES LOW MID HIGH PRES
PSF PSF PSF - PSF PSF PSF [HCHES
3.9 3474 2832 2835 2953 2832 2488 8,913
4.9 3473 2037 2059 2962 2835 2ve4 9.932
5.8 3473 28395 2939 2859 2837 2934 8.851
5.8 3474 2862 2967 2883 2945 3112 8,871
7.8 3475 2039 2954 2868 242 3243 9,391
19.9 3474 2837 2853 2964 2939 33387 9.161
11.9 3473 2861 2385 2088 2943 3411 4,132
12,9 3475 29353 2054 20954 2840 3421 8,242
13.0 3478 2838 2855 2955 2342 3421 0.231
14.9 32475 29608 2883 2858 2842 3421 89.342
AYERRGE 3473 2938 2853 2954 2943 ——— ———-
MEAMN DEVY 1 2 3 3 3 ———- ———
STAN DEV R 3 4 4 4 -——- ———-
CALCULATED 3474 2932 2953 2964 %) ———— ~——-

EDGE CON 3415 2863  =-=-= = ====  ==== === =c=o
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AFRSI SKIM FRICTION DRAG TEST

0R-208
ARC TEST-PHASE-TUNMEL
_ S43- 1 - 22
RUN 137  MACH . @.8%
TEST ARTICLE  SMOOTH DYNAMIC PRESSURE 238 PSF
PROBE POSITION FORWARD TOTAL TEMPERATURE . 83 DEG F
WALL POSITION 1.4 INCHES  DENSITY B.80853 SLG/FT13

DRATR RUN MRDE 7/ 28,82 REYMOLDS NUMBER/FT 1.48
BOUNDARRY LAYER THICKMESS  8.2S INSHES

DISPLACEMENT THICKNESS g.9326 INCHES
MOMENTUM THICKMESS 4.917 INCHES
SHAFE PRRAMETER 1.357
POWER PROFILE PRAMETER €.93
SEQUEMCE TUHNEL  TUNMEL _ STATIC RAKE PROIBE FROBE
NUMBER TOTAL STATIC @.188 g.376  1.848 TOTAL POSITION
PRES PRES Ll MID HIGH PRES
P3SF P3F PSF - PS5F PSF PSF INCHES
1.8 713 428 432 431 427 J14 g.912
2.9 719 429 433 432 427 554 3.832
3.8 787 414 419 413 414 374 8.3351
4.6 729 423 423 427 422 569 B8.872
5.8 738 423 433 432 427 548 3.898
5.8 718 422 427 425 421 676 8.121
7.9 788 414 413 418 413 573 g.142
3.8 718 417 422 421 418 639 g.151
9.8 728 423 423 428 423 vl g.132
18.9 731 430 433 433 438 782 g.243
11.8 721 423 423 427 422 723 8.25%2
12.8 713 420 423 424 419 783 g.341
13.8 718 421 427 425 421 793 8,392
14.93 ©729 423 423 427 422 793 8.433
15.8 ‘729 423 429 423 423 783 8.3593
RYERAGE 7138 423 . 428 427 - 422 ———— T mem——
MEAN DEV 3 4 4 4 4 ———- ===
STAN DEVY 7 ‘S 3 3 S ——— ———
CALCULRTED Y- 427 428 427 %) ——— ———
EDZE CON 782 427 -—— -——- -—— ——— -——-
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AFRSI SKIM FRICTION DRAG TEST

0R-398
ARC TEST-PHASE-TUNNEL
542- | - 22
RUN 140 MACH 9.68
TEST ARTICLE  AFRSI DYMAMIC PRESSURE 1964 PSF
PROBE POSITIOM FORWARD TOTAL TEMPERATURE - 98 = DEG F
WALL POSITION 1.4 INCHES  DENSITY 8.089447 SLG/FTt3

DATA RUN MADE 7s 28,82 REYWMOLDS NUMBER/FT 7.99
-BOUMDARY LAYER THICKMESS 9.19 INSHES

DISPLACEMENT THICKMNESS 8.819 INCHES
MOMENTUM THICKMESS 8.0814 INCHES
SHRPE PRRAMETER 1.38
POWER PROFILE PRAMETER S5.78
SEGUENCE TUMMEL TUMMEL STATIC RAKE FPRUBE PROBE
NUMBER TOTAL STATIC ©.10v4d 8.375 1.840 TOTAL POSITION
PRES PRES LOW  MID HIGH PRES
PSF PSF PSF PSF PSF PSF INCHES

9832 39384 3968 3952 3332 4358 3.913
€ 21 3924 3959 3954 3953 4584 8.831
@31 3984 3371 39€8 3954 47@9 3.951
5038 -3939 3965 3951 39568 4313 9.497v1
5879 39381 39495 3951 3343 43514 9.833
5079 3974 3959 3356 3945 5827 3.122
S878 3973 3983 3969 3349 3849 B.142
5879 3982 3371 3956 3954 3856 a.,1s3
5831 3984 3385 3961 3959 SBEes 8.192

N4 WO DO WO UF WO
ORI OORDO

18. Sg34 3574 3959 3956 3945 5985  8.243
11, S337 3933 3978 3964 3954  S988  9.292
12. =333 3983 3971 3966 3956  S865  9.342
13, 5987 3977 3963 3953 3946  S@66  ©.392
14, 5884 3974 3951 3954 3945 5985  0.9¢31
15. Sg81 3974 3983 3959 3348 5066  9.593
16, S@78 3972 3961 3957 2945  S8s6  8.832

AVERAGE  S@%2 3979 3965 3961 3958 === =---
MEAN DEV 3 '3 3 3 R
STAN DEV 6 4 8 ) 8§  m-—- ----

CALCULATED 5S@32 3984 3965 3961 I

EDGE CON S€31 3964  ~===  ccm=  ceee emee eme-
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AFRSI SKIN FRICTION DRAG TEST

QR-388
ARC TEST-PHASE-TUNNEL
S4z2~- 1 - 22
RUN 141 MACH 6.68
TEST ARTICLE AFRSI DVMAMIC PRESSURE 1352 PSF
PROBE POSITIOM FORWARD TOTAL TEMPERATURE - 88 DEG F
WRLL POSITION 1.4 IMCHES DENSITY 0.98969 SLG/FT*3

DATA RUN MADE 7/ 28-82 - REYMNOLDS NUMBER/FT 1.23
-BOUNDARY LAYER THICKHESS e.286 INSHES

DISPLACEMENT THICKNESS 8.828 IMCHES
MOMENTUM THICKHESS 8.814 INCHES
ZHRPE PARAMETER 1.3¢9
© POWER PROFILE PRAMETER 3.14
SEQUENCE TUMMEL TUNMEL STRTIC RAKE PROBE PROBE
MUMBER  TOTRL  STATIC 0,148 8.376 1.888 TOTRL POSITIGON
PRES PRES LOW MID HIGH PRES
PSF PSF PSF - PSF PSF PSF INCHES
1.9 782 396 598 397 393 g42 @.glz
2.0 rve 883 635 586 €63 - 676 8.831
2.0 7381 i1 612 811 £89 703 8.331
4.9 7798 618 Ell 611 €88 713 8.87v2
5.9 777 699 618 589 587 721 g.931
5.0 e 698 587 587 685 739 g.122
7.8 el 583 BE35 504 g82 742 g.142
2.8 768 582 633 12 589 742 Q.182
9.8 753 £91 532 691 399 742 g.192
19.8 754 338 393 398 S98 ra2 g.242
12.¢ 753 591 532 391 589 742 8.343
13.8 736 592 3393 393 598 742 "8.392
14.8 =X S92 333 592 598 742 g.492
15.9 1757 392 594 593 S9! 742 @8.3%82
15.8 °S7 533 394 333 391 742 g.591
17.8 37 596 sgyr - 598 SS4 742 8.792
RYERRAGE 1] 355 641 669 598 —-—— ———
MEAM DEV 8 6 & ] € ——— ————
STAN DEY 8- 7 7 7 7 —-—— ———
CRLCULATED 754 397 551 508 @ ——— ———

EDGE CON 742 681 o mmmm mmme mmee meee
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AFRSI SKIM FRICTION DRAG TEST

DR~388
ARC TEST-PHASE-TUHNEL
S42- 1 - 22
RUN 145 MACH g8.%9
TEST ARTICLE  AFRSI DYNAMIC PRESSURE 1245 PSF
PROBE POSITION AFT TOTAL TEMPERATURE - 104 DEG F
WALL POSITION 1.8 INCHES DENSITY .80283 3LG/FT*3

DATA RUN MRDE vs 21,832 REYMOLDS NUMBER/FT 7.21
BOUNDARY LAYER THICKMESS 1.99 INSHES

DISPLACEMEMT THICKNESS 9,131 IMCHES
MOMEMTUM THICKMESS 3,925 INCHES
SHAPE PARAMETER 1.99
POWER PROFILE PRAMETER 3.31
SEQUENCE TUMMEL  TUMNEL STATIC RAKE PROBE FROBE
HUMBER TOTAL  STARTIC 8.123 9.459 1.738 TOTAL POSITION
PRES PRES LOW MID HIGH PRES
P3SF PSF FSF ~ PS3F PSF PSF IMCHES
2.@ 3713 2191 2143 2091 2834 2328 9,049
2.9 3715 2138 2148 2837 2B42 2438 3.863
4.9 3719 2199 21354 2183 2833 2473 3.981
S.9 3vi8 2199 2131 2835 2941 2597 9,13l
6.9 ve 2283 2138 2198 28358 23567 9.138
7.0 3719 2291 2155 2142 2951 2534 8.158
3.9 3719 22191 2154 2183 2849 2791 g.15%
3.9 37179 2294 2159 2111 z2es82 27383 g, 299
19,9 3720 2218 2161 2111 28359 2393 8.331 .
11.9 3719 2298 2163 2114 2968 - 38493 2,309
12,0 3713 2204 21359 2108 ans2a 3875 3,358
13.98 3729 2288 2181 2123 2859 2221 3,399
14.0 3713 2283 2139 2193 2933 3338 3,581
15.0 3729 2282 2159 211l 2933 3534 8,583
16.9 3718 2z13 2139 2198 2832 3859 9,799
17.9 3718 2297 2183 - 2188 2833 3598 89,793
13.8 3719 2299 . 2138 2186 2953 3599 9.798
13.9 3718 22086 21564 2ils 2865 3699 1.001
29.9 37153 2243 2159 2185 2851 3539 1.18¢
21.9 3718~ 2298 2183 2119 2857 3593 1.283
22.9 3715 2208 2189 2121 2859 3693 1.291
ARYERAGE 3718 2283 21358 2187 2854 ———- ———=
MEAN DEVY 1 3 4 S 6 ——— ———
STAN DEV 3 .7 6 3 19 ———- -
CALCULATED 37393 2131 2158 2187 e ——— ———-

EDGE CON 2699 2813 ———— —— ——— ————— ————
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AFRSI SKIN FRICTION DRAG TEST

OR-3868
ARC TEST-PHRASE-TUNMEL
S542- 1 - 22
RUN _ 148 MACH g.99
TEST RARTICLE RFRSI DYMAMIC PRESSURE | 14@S P3SF
PROBE POSITION AFT TOTAL TEMPERHATURE 114 DEG F -
WALL POSITION g.@ INCHES  DENSITY @.892393 SLG/FT*3

DATA RUN MRADE 7s 21s82 REYMOLDS HUMBER/FT 7.98
‘BOUMDARY LAYER THICKMESS 2.23 INSHES

DISPLACEMENT THICKNESS 3.33@ INCHES
MOMENTUM THICKNESS 2.182 INCHES
SHAPE PARAMETER 1.31
POWER PROFILE PRAMETER 4.17
SEQUEMCE TUMMEL TUNNEL STATIC RAKE PROBE  PROBE
NUMBER TQTAL STATIC B.125 96.458 1.758 TOTAL POSITION
PRES  PRES LOW - MID HIGH  PRES _
PSF PSF PSF PSF PSF PSF  INCHES
1.8 4194 2481 2442 2482 2356 2557  8.928
2.0 4197 2488 2443 2485 2351 2541 8.048
3.8 4193 2481 2439 2337 2343 2796  3.851
4.9 4138 2431 2448 23983 2343 2739  ©.339
5.8 4198 2488 2447 2489 2354 2737  B.191
§.8 4198 2484 2444 2484 2352 2838  8.129
3.9 4193 2492 2451 2411 2358 2332  9.132
5.9 4199 2494 2455 2413 2357 2313  9.148
12,8 4199 2494 2453 2413 2368 3984  9.173
11.9 4208 2581 2483 2422 2366 3951 9,282
12.9 4281 2592 2461 2418 2364 3893  3.219
13.8 4282 2493 2468 2429 2365 3171 8.251
14.0 4194 2479 2448 2483 2349 3325  @.429
15.9 4193 2433 2447 2434 2348 2643 9,541
17.90 413@ 2484 2445 . 2487 2351 3833 9.358
13.8 4283 2487 2451 2411 235§ 4879 . 1.4838
19.8 4139 2477 ° 2443 2485 2357 4133 1.782
28.@ 4197 2485 2451 2489 2355 4176  2.998
21.0 $192. 2477 2445 2484 2352 4176 = 2.899
22.0 4193 2435 2452 2415 2359 4175  2.200
23.0 4195 2435 2451 2412 2368 4176  2.399
24,8 4196 2487 2453 2413 2359 4176  2.48
25.8 4192 2489 2458 2418 2366 4176  2.9560
26.0 4192 2491 2458 2418 2368 4176  2.593
AYERAGE 4197 2487 2450 2418 2356  ==== ===
MERN DEV 3 5 8 g §  mmm= mmmm
STAN DEV 7 18 19 7 e
CALCULATED 4191 2478 2448 2422 2353 ==mm  =em-
EDGE CON 4176 2338  ====  —===  —coc  emam oo
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AFRSI SKIN FRICTION DRAG TEST

0A-303
ARC TEST-PHRASE-TUNNEL
S¢2- 1 - 22
RUN 148 MACH 9.68
TEST ARTICLE  AFRSI DYNAMIC PRESSURE 1816  PSF
PROBE POSITIC| AFT TOTAL TEMPERATURE . $1 DEG F
WALL POSITION 1.4 IMCHES  DENSITY 0.80451 SLG/FT*3

DATR RUN MRDE 7/ 22-82 REYNOLDS NUMBER/FT 8.16
RQUMDRARY LAYER THICKMESS 2.388 IMSHES

DISPLRCEMENT THICKMESS g.128 IMCHES
MOMENTUM THICKMESS 9.893@ INCHES
SHAPE PARAMETER 1.60
PQUER PROFILE PRAMETER 3.85
SEQUENCE TUMMEL TUMNEL STATIC RAKE PROBE PROBE
MUMBER  TOTAL  STATIC 8.135 9.459 1.754@ TOTAL POSITION
FRES PRES LOW . MID HIGH PRES
PSF PSF PSF PSF PSF PSF INCHES
1.8 3886 3974 3993 33881 3323 4825 d.021
2.@ 2833 3977 3913 3387 3329 4298 0.941
3.0 87 e 3972 3983 3877 2819 4271 8,953
4.9 =) 3371 2339 3889 3832 4308 - 98,1931
5.8 S87v4 3973 3983 3883 3824 4341 9.191
5.9 S€ET8 3339 3894 38693 3819 4413 9.13
7.8 5855 3964 3991 3871 3813 4451 A.138
3.9 2882 3951 35949 3872 3318 43591 3.171
3.9 9059 399 3837 3389 3819 43593 8,291
18.9 5883 3965 3982 3873 3319 45490 8,259
11.0 59858 3971 3919 3831 3831 4715 a,3e85
2.8 Sa64 3551 3837 . 3871 3315 47737 8,331
13.9 5@S9 3957 3894 3857 3815 4312 3,408
15.9 7878 3955 3598 3879 3827 4984 8,382
1.8 9930 3969 3386 337V8 3821 S834 8.500
17.8 Sav4 3963 3899 - 3872 3821 5857 B.781
13.9 5063 3953 . 3898 3863 3813 5853 9,389
293,98 Sa63 3957 3398 3878 3817 SB83 9,998
23.0 5831 3331 3329 3931 3847 S@63 1.091
23.9 9872 3978 2914 3888 3833 5883 1.991
24.0 5038 3989 3939 3383 3852 o863 1.189
25.0 5083 398S 3324 3897 3843 3863 1.208
26.0 S@v8 3972 3311 3882 3328 58863 1.399
RVERRAGE 073 3959 3397 3879 3825 ———- ————
MEAN DEVY 8 8 8 8 9 - ———-
STAN DEV ° 9 19 12 13 14 ——— ————
CALCULATED Sa9t 3379 3987 3879 .9 ——— ———

EDGE CON 5862 3845  -=--. el mmmm mmee maee

A-~26



AFRSI SKIN FRICTION DRAG TEST

OR-388
ARC TEST-PHASE-TUNNEL
S42- 1 - 22
RUN 156 MAaCcH 8.6@6 -
TEST ARTICLE  AFRSI DYHMAMIC PRESSURE 1868 PSF
PROBE POSITIGON AFT TOTAL TEMPERATURE . 94 DEG F
WMALL POSITION @.8 IMCHES DEMSITY 6.088451 SLG/FT*3

DATA RUN MADE 7s 21s82 REYMOLDS NUMBER-/FT 8.69
BOUMDARY LAYER THICKMESS .22 IMSHES

DISPLACEMENT THICKMESS 8.273 IMCHES
MOMENTUM THICKMNESS ~8.139 INCHES
SHAPE PARRAMETER 1.33 ‘
POWER PROFILE PRAMETER 4,93
SEQUENCE TUNNEL TUNMEL STATIC RAKE PROBE . PROBE
MUMBER  TQTAL  STARTIC 8.133 8.459 1.758 TOTAL POSITIGOHN
PRES PRES LOW . MID HIGH PRES
PSF PSF PSF PSF PSF - PSF INCHES
2.8 5893 33991 3958 3%42 + 39@9 4888 a,328
3.9 5833 33976 3947 3338 38%2 4173 g.5443
4.8 5837 3351 3922 3984 3374 4282 3.981
5.8 5831 3353 3837 3928 3883 4234 9.928
5.9 5864 3974 3948 3932 33893 4383 B2.1¢9
7.0 5873 3372 3943 33924 3836 4323 2.128
3.8 seva 39789 3949 3922 3888 4341 3.144
9.8 888 3973 3344 3326 3894 4378 8.181
19.9 5373 3972 3944 3328 3899 4448 3.2088
11.9 3879 3959 3933 3928 3383 4433 9.251
12.9 5881 3972 3944 2934 32889 4529 g.4@1
13.8 5881 3372 3342 3938 3331 4752 B.549
14.8 3877 3958 3945 3921 3882 4328 8.983
15.@ 5873 3967 3333 3929 3383 5983 1.238
16.9 5673 3983 3932 3317 3882 ~ S@2Zs 1.3538
18.9 Seve 3967 3938 - 3928 3884 S8ss 1.858
19.8@ 5€23 3373 . 3945 3928 3889 3887 = 1.998
20.96 5832 3959 3349 3927 3889 5867 2.8939
2l.0 5885 3372 3944 3927 3899 S8s7? 2.138
22.9 5885 ° 3973 3347 3928 3895 58587 2.293
AVERAGE S8rs 397 3342 3324 3889 ——— ———-
MERN DEVY 8 - -3 S S S —_—— -———

STAN DEY 13 7 7 7 7 ———— —
CALCULATED S$S889 3987 3938 3928 3888 ———— ————
EDGE CON 5857 3874 ——— -——— —— ———— ——
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AFRSI SKIN FRICTICN DRAG TEST

0R-308
ARC TEST-PHASE-TUNNEL
542~ 1 - 22
RUN 151 MACH 8.61
'TEST ARTICLE  AFRSI DYNAMIC PRESSURE 155  PSF
PROBE POSITION AFT TOTAL TEMPERATURE . 79 DEG F
WALL POSITION  @.@ INCHES  DENSITY 8.80678 SLG/FT*3

DRTA RUN MADE 7s 21,82 REYHOLDS NUMBER/FT (.28
BOUNDARY LAYER THICKMESS 1.94 INSHES

DISPLACEMENT THICKMESS 8.287 INCHES
MOMENTUM THICKMESS 8.196 INCHES
SHAPE PRARAMETER 1.46
POWER FROFILE PRRMETER S5.86
SEGUENCE TUNNEL TUNMNEL STATIC RAKE PROBE PROBE
MNUMBER TOTAL  STATIC @.125 9.438 1.75@ TOTAL POSITION
PRES PRES LOW © MID HIGH PRES
PSF PSF PSF PSF PSF PSF INCHES
1.9 775 885 684 602 597 6183 0,029
z.a 7?63 598 S37 535 391 - 833 8,941
3.9 7?53 580 €89 397 393 540 Q.958
4.9 778 582 €32 838 596 647 2,881
3.9 762 993 392 539 336 554 9.1:a
2.0 782 294 333 391 386 559 0,298
1¢.8 235 392 331 933 9383 558 g.282
11.9 732 87 988 524 3809 671 Q.491
12.9 7398 528 387 585 3581 639 A, 841
13.8 749 587 337 585 531 701 3.951
13.5 761 333 392 574 3886 714 1,198
14.9 752 393 333 394 S87 725 1.483
15.8 vEd 393 392 S99 586 227 1.558
l6.@ - 760 594 333 591 588 734 1,798
17.9 ‘759 995 594 S92 9588 734 1.717
13.9 750 396 595 - 893 589 7?34 1.849
19.9 73S 394 | 334 592 - 588 734 1.9399
29.9 758 593 392 5993 386 734 2.839
21.8. 758 594 393 591 587 734 2.298
22.9 7359 394 593 S91 587 734 2.369
RYERRAGE 750 594 394 591 587 ——— ————
MEAN DEY 4 3 3 3 3 ——— ———
STAN DEV & 4 S S 4 ———— ———-
CALCULATED 773 603 593 592 587 ———— ————
EDGE CON 734 587 ———- ——— ———— ———— ————
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AFRSI SKIN FRICTION DRAG TEST

0R-388
ARC TEST-PHASE-TUNNEL
| S42- 1 - 22
RUN 152 MACH 8.68 -
TEST ARTICLE  AFRSI DYNAMIC PRESSURE 152  PSF
PROBE_POSITION AFT TOTAL TEMPERATURE . 76 DEG F
WALL POSITION 1.4 INCHES  DENSITY 8.0887@ SLG/FT*3

DATA RUN MADE 7s 2is82 REYNQLDS NUMBER/FT 1.27
.BAOUMDARY LAYER THICKMESS 1.18 INSHES

DISPLACEMENT THICKHESS 8.148 INCHES
MOMENTUM THICKMESS @6.188 INCHES
SHAPE PARAMETER 1.49
POWER PROFILE PRAMETER 3.88
SEQUENCE TUMMEL TUNMEL STRTIC RAKE PROBE FROBE
MUMBER TOTAL  STATIC ©8.123 ©.436€ 1.759 TOTAL POSITION
PRES PRES LOoW " MID HIGH PRES
F3F PSF PSF PSF PSF PSF IHCHES
1.8 e 399 533 533 583 514 3.926
2.8 764 397 591 338 381 - 549 g.941
3.6 759 - 9593 387 384 578 e41 8.839
4.8 7351 588 sS32 793 573 543 g.881
S.8 754 394 384 931 7S 558 @.18l
5.8 7399 394 9383 534 s78 663 d.138
3.8 738 593 387 533 Sv7 558 3.171
3.9 758 593 387 583 578 879 g.269
- 18.9 753 393 387 333 377 535 g.279
11.8 738 593 5388 S84 - 578 798 8,381
12.8 797 S92 338 584 S7v8 7839 8.33
13.8 757 593 s8¢ 583 S78 713 g.431
14,8 757 593 387 383 377 719 8.391
15.8 “7S7 391 S8s 382 1) 72 8.888
17.8 ‘757 392 537 383 s77 7335 8.v39
18.8 757 S92 S8y - 383 S77 748 g.981
ig.8 758 594 | 588 83 - 379 745 0 1.899
28.8 739 395 589 388 539 748 1.1688
21.8 7zl 538 S99 587 381 748 1.289
22.9 7el’ =EL) 599 S86 S84 748 1.381
2.6 796 S92 938 333 377 745 1.49¢
RYERAGE 738 S383 588 584 S78 ———= -——-
MERN DEV 2 2 2 2 2 ———- ———-
STAN DEV 3 . 2 2 2 2 ——— ———
CALCULATED 7565 S9% 588 384 8 —-——- ———-
EDGE CGN 746 376 -———- ———— ——— -———- ———

A-29



AFRSI SKIN FRICTION DRAG TEST
OR-368

ARC TEST~PHASE-~TUNMEL
S¢2- t -~ 22

RUN 153 MACH 8.98

TEST ARTICLE  AFRSI DYNAMIC PRESSURE 249 PSF
PROBE POSITION AFT TOTAL TEMPERATURE * 79 DEG F
WALL POSITION 1.4 INCHES  DENSITY 8.0880854 SLG/FT13

DATA RUN MRIE 7/ 21,82 REYNOLDS NUMBER-FT 1,58
-20UNDARY LAYER THICKMESS 1.03 INSHES

DISPLACEMENT THICKMESS 8.155 [INCHES
MOMENTUM THICKMESS 8.9839 INCHES
SHAPE PRRAMETER 1.74
POMER PRCFILE PRAMETER 4.55
SEQUENCE TUMMEL TUNNEL STATIC RARKE PROBE PROBE
HUMBER TOTAL STRATIC -8.12353 2,458 1.730 TOTAL POSITION
PRES PRES LOuW © MID HIGH PRES
PSF PSF PSF PSF PSF PSF INCHES
1.9 728 438 424 415 498 453 a,821
2.8 719 424 419 411 484 433 g.344
3.8 714 421 415 483 491 583 8.952
4.9 717 424 419 419 483 518 3,832
5.8 722 428 421 412 485 538 8.191
6.9 729 428 423 415 493 559 9,138
7.8 722 426 421 412 485 953 B3.151
3.9 719 4235 419 411 483 538 3.171
3.9 719 424 4183 418 493 =114 8,291
18.8 vl 425 429 412 485 S92 3,251
11.9 721 425 429 412 485 619 9.381
12.09 723 428 423 414 487 621 8.351
13.9 722 426 429 412 494 639 9,489
14.9 .73 425 419 411 4483 637 @.581
1S.0 720 425 429 412 493 693 3.580
156.9 721 426 421 413 406 6§97 8,798
17.9 721 427 . 422 413 486 5§99 3,391
18.4@ 721 437 422 413 406 7R3 3,899
13.98 721, 427 422 414 4865 793 1.989
20.0 721 427 421 413 485 78S 1.189
21.9 721 427 422 413 4493 783 1.199
22.0 721 426 422 413 426 783 1.3809
AVERAGE 721 4258 421 412 485 ——— ———
MEAN DEV 2 -1 i 1 1 ——— -
STAN DEV 3 2 2 2 2 ——— ———
CRLCULATED 730 431 421 412 9 ——— ———-

EDGE CON 70S 397 ———— ——— —— —— ———
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AFRSI SKIN FRICTION DRAG TEST

0R-388
ARC TEST-PHASE-TUMMEL
S42- 1 - 22
RUM 154 MACH . 8.9
TEST BRTICLE = AFRSI DYNAMIC PRESSURE 24@  PSF
PROBE PGSITION AFT TOTAL TEMPERATURE . 32 DEG F
WALL POSITION ©.8 INCHES  DENSITY 9.00853 SLG/FT™3

DRTA RUN MRADE 7/ 21/82 REYMOLDS MUMBER/FT 1.47
' .BOUNDARY LRYER THICKMESS  2.28 INSHES

DISPLACEMENT THILCKMESS 8.287 INCHES
MOMEMTUM THICKNESS 8.136 INCHES
SHAPE PRRAMETER 1.65
FOMER PROFILE PRAMETER 3.41
SEGUENCE TUNNEL TUNMEL STRTIC RAKE FPROBE PROBE
" MHUMBER TOTAL STATIC @.125 8.458 1.730@ TOTRL POSITION
PRES PRES LoW . MID HIGH PRES
PSF PSF PSF PSF PSF -P3F INCHES
1.8 7ig 423 421 417 411 458 8.821
2.0 715 423 421 417 411 473 3,848
3.8 718 423 421 418 411 489 3.851
3.0 716 424 422 413 412 499 8,882
5.9 71s 424 4223 413 413 588 g.182
£.8 717 424 422 413 412 Sie 8.119
7.8 717 423 422 417 412 S22 d.142
S.6 viv 423 421 417 411 328 g3.1e1
3.8. 717 423 421 417 412 332 8,289
13.8 17 423 421 418 411 S44 B3.233
tt.@ 717 423 421 415 411 385 3,397
.- 13.9 4% 423 422 417 412 581 8.5498
14.8 715 422 421 418 411 834 3.981
15.9 713 421 42 413 418 B74 1.459
16.8 718 421 419 413 418 875 1.334
17.98 714 421 428 - 41S - 414 €77 1.781
13.8 714 421 | 4249 413 418 €98 = 1.993
28.9 714 421 429 418 41 598 2.191
21.9 713 421 428 416 4149 %8 2.2l
24.0 713° 422 422 417 412 €99 2.499
RYERAGE 718 322 421 415 411 -———- -———-
MEAN DEV 1 i 1 1 1 ———- ———-
STAN BEVY 1 1 1 1 1 ——— -——
CALCULRATED 716 423 428 418 411 ——— ———
EDGE CON £398 498 -———- ——— ——— —-—— ———
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AFRSI SKIN FRICTION DRAG TEST
0R-388

ARC TEST-PHASE-TUNMEL
S42- 1 - 22

RUN 156 MACH 3.9a@ :

TEST ARTICLE  HNOMEX D¥MAMIC PRESSURE 1257 PSF
PROBE POSITION AFT TOTAL TEMPERATURE . 1@4¢ DEG F
WALL POSITION 1.8 INCHES DENSITY @.08265 SLG/FT*3

DATA RUN MADE 7, 23s82 REYMOLDS NUMBER/FT 7.28
EOUMDARY LAYER THICKMESS 8.773 IMSHES

DISPLACEMENT THICKHESS 8.2873 INCHES
SOMENTUM THICKHESS @8.943 INCHES
SHAPE PRRAMETER 1.54
POWER PROFILE PRAMETER 8.12
SERUENCE TUNMEL TUNNEL STATIC RRKE PROBE FRUBE
MUMBER TOTAL  STARTIC 8.125 8,458 1.738 TOTAL FPOSITION
PRES PRES LOW . MID HIGH PRES
PSF PSF PSF P3F PSF PSF IMCHES
1.9 3741 2297 2245 2219 2209 2323 39,821
2.9 3751 2212 2243 2222 2299 2984 1@.344
3.9 3733 22208 22353 2233 2218 3824 9.351
4.9 3758 2229 2235 2271 2217 3872 g.933
5.0 3724 2239 2231 2257 2237 3182 8.191
6.9 37932 2259 2283 2283 2249 3221 3,133
7.0 3848 2258 2293 2289 2254 3283 9.132
3.9 3829 2267 2396 22389 2264 3311 B.171
2.9 3831 22952 2232 2257 2254 3335 ©B.3298
1.8 3823 2255 2295 2271 2252 34835 @.252
11.9 3327 2279 2303 2231 . 2267 33586 g.300
12.9 €27 2274 2319 22833 2267 38684 9.359
13.0 3328 2283 2383 2273 2259 3731 9,392
14.9 3839 2271 2311 2287 2259 3791 9,599
15.0 3830 2271 2313 2288 2268 38a3 89,539
16.9 3830 2289 2311 - 2288 2268 3324 9.5%9
17.9 3831 2267 . 2318 2283 2268 3828  9.399
18.8 3824 2262 2392 2273 2281 38249 3.999
19.9 3820 22V 2314 2294 2279 3324 1,999
29.0 383¢- 2271 2314 2292 2271 3829 1.199
21.0 3831 2267 2388 2234 2267 . 3820 1.282
AYERAGE 3809 2254 2293 2269 2252 ———— ———
MEAN DEY 26 17 18 18 17 ——— ———
STAN DEV 32 .22 23 24 22 ———- ———-
CALCULATED 3741 2297 2293 2289 g ——— ———

EDGE CON 38209 2245 —— ——— ———— ——— ————
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RUN

TEST ARTICLE

PROBE POSITION AFT

WALL POSITION
DATR RUN MADE

. BOUNDRRY LAYER THICKMESS @.73 INSHES

DISPLACEMEMT THICKMNESS 8.859 INCHES

MOMENTUM THICKMESS 8.8951 INCHES

SHAPE PARAMETER 1.36
POMER PROFILE PRAMETER 8.13
SEGUEMCE TUNMEL TUNNEL- STRTIC RRKE PROBE
MUMBER TOTAL  STRATIC 8.1233 8.458 1.756 TOTAL
PRES PRES LoWw . MID HIGH PRES
PSF PSF PSF PSF PSF PSF
1.8 S8ve 29s82 3951 3932 3921 4497
2.8 2804 3983 3937 3939 39206 43386
3.8 3€3? 3981 3351 3925 3917 4577
4.8 5831 39353 3348 3918 3918 43592
3.8 5836 3943 3937 3989 338398 4534 .

5.8 S8 3944 3933 3987 3397 4587
v.8 3631 3338 3929 3995 3391 4584
3.8 5548 3948 3933 3912 3993 4788
3.8 5849 33357 3343 3928 2914 4738
16.0 38358 3983 3938 3932 3921 4313
11.1 S8s53 39868 39357 3932 3921 4319
12.9 5879 3384 3978 3932 3946 4983
13.9 56831 3934 3973 3958 3938 49383
14.9 5683 3934 3983 39355 33942 5848
15.8 5881 3986 39384 3957 3943 3887
15.9 5433 3986 3933 - 3933 3941 3872
17.8 S6893 3389 . 3931 3362 3948 Seve
13.8 5834 3976 3972 3941 3931 se7r2
19.9 SBVS 3972 3988 3937 3925 Seva
249.8 Sgss” 3953 3950 3932 3913 872
AYERRARGE Se@s4 3965 39¢4d 3933 3%22 ———-
MEAN DEY HW 13 13 14 13 —-——
STRN DEVY 19 16 18 18 17 -———
CALCULATED 5871 3979 3969 3933 e ————
EDGE CON 1% 3912 ———- ——— ——— ————

AFRSI SKIN FRICTION DRAG TEST

0R-388
ARC TEST-PHASE-TUNMEL
S42- 1 - 22
137 MACH
HOMEX DYNRMIC PRESSURE

TOTAL TEMPERATURE -
1.4 IMCHES  DENSITY
v/ 23s82 REYNCLDS NUMBER/FT

A-33

6.£8
1867
187

P3SF
DEG F

@.884338 SLG/FTT™3

7.83

PROBE
POSITION

INCHES

3,322
"3.841
8,359
B.388
B.893
8.131
B.138
3.171
§.281
3,251
g.381
B.353
g.484
8.35898
g.682
8,781
8,581
8.988
1.888
1.899

-
[N
- ——
-



AFRSI SKIN FRICTIOM DRAG TEST

QR-308
ARC TEST-PHRSE-TUNHNEL
S42- t - 22
RUN 158 MACH 8.69
TEST ARTICLE MOMEX DYNAMIC PRESSURE 1006 P3F
PROBE POSITIOM RAFT TOTAL TEMPERATURE - 101 DEG F
WALL POSITION 8.9 INCHES  DENSITY 0.00443 SLG/FT*3

DATA RUN MADE 7s 23/82 REYMOLDS MUMBER/FT 7.93
BOUNDARY LAYER THICKMESS 1.79 INSHES

DISPLACEMENT THICKNESS 3.137 [MCHES
MOMEMTUM THICKMESS @.133 INCHES
SHAPE PARAMETER 1.23
>QWER PROFILE PRRMETER 9.21
SEZUEMCE TUNMEL TUNNEL STATIC RAKE PROBE PRUBE
MUMBER TOTAL STRTIC ©0.1235 8.4359 1.759 TOTAL POSITION
PRES PRES LOW MID HIGH PRES
PSF PSF PSF ~ PSF PSF PSF IHCHES
1.9 S8v3 3973 3984 3964 3939 4421 9,829
2.8 38e8 3979 3982 3961 3935 4442 9.841
3.9 7872 3879 3982 3962 2959 4472 8,983
5.9 58753 3877 3985 3387 3951 4525 g.182
5.9 Sgve 3978 2932 3971 3363 43535 g.122
7.0 397 3939 3992 3972 33€5 4547 g.142
3.9 3879 3379 3392 3979 3954 4373 8.158
3.9 5879 3978 3932 39709 3963 43597 Q.28
16.9 58381 3988 3983 3971 3954 4614 B.263
11.9 2831 3932 3934 3974 3365 4728 8,404
12.9 5883 3984 3996 39795 3958 4327 8.53%9
13.8 S8s4 3933 3995 3975 3968 49133 3.982
14,9 5034 3383 3996 3974 3971 43773 1.484
15.9 €35 3932 3299 3975 3971 5834 1.549
1.8 50873 3382 3992 3974 3%&3 SQ49 1.5398
17.09 1 g 3973 3984 3964 - 3959 5349 1.857
18.9 5055 3963 . 3931 3963 3957 5849 ~ 2.182
19.0 S8Es 3373 3989 3971 3963 S849 2.139
29.98 S869 3978 3983 3372 3953 50493 2.298
AYERAGE sar7s 397 3999 3979 3954 ——— -—--
MERAN DEV 3 4 4 4 3 ——— ———-
STAN DEV 7 10 18 9 10 ———— ———-
CALCULRTED 5@79 3979 3983 3979 3962 | ---- ———=

EDGE CON 5947 3982 -——— ———— ——— ——— ———
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RUN

TEST RRTICLE

WALL POSITION
DATA RUN MARDE

SEQUEMCE TUNNEL TUMMEL .
STATIC 8.125

HUMBER

DW= @D GO UL E W D00 NT WY -
L] -
ONOOODOEOTOOTERCACHONDOO®

P 10 [0 PO e et 1t 4 e e b s et e

AYERAGE
MEAN DEV
STAN DEV
CRLCULATED
EDGE CON

TOTAHL

PRES
PSF

4199
4197
4197
4134
42 18
4292
4205
42086
4268
4295
4237
4287
4299
3282
4208
4197
4198
4199
42033

4138°

4197
4134
4193

4c 3t
4
"8
4208
418S

RFRSI SKIN FRICTION DRAG TEST

133
NOMEX
PROBE POSITION AFT
8.8 INCHES

77 23782

PRES
PSF

2482
2433
2499
2438
2437
2431
2434
2434
2425
2481
2432
2481
2490
2486
2435
2487

2432 .

2438
2457
2435
2473
2474
24388

2485
4
7
2483
2483

OR-388

S42-
MACH

i -

ARC TEST-PHRSE-TUNMEL

22

BYNAMIC PRESSURE

TOTRL TEMPERATURE -

DENSITY
REYMOLDS NUMBER/FT

-BOUMDRRY LRAYER THICKMESS
DISPLACEMENT THICKMHESS
MOMENTUM THICKMESS
SHAPE PARAMETER
POWER PROFILE PRAMETER -

LOW
PSF

2313
2315
2327
23518
2513
2527
2331
2523
2515
2311
2318
2317
2339
25a?
2328
2328
2538
2328
2s5e7
2329
2389
v oa8
2521

2321

2.458
MID
PSF

2433
2487
2499
2499
24339
2588
2544
2581
2499
2438
2492
24391
25a1
2581
24913

T 2499
2584 -

2383

2582

2498
2483
2437

. 249¢

2495
&
8
2387

A-35

1.86
g.195
8.12¢
1.354
8.39%

STATIC RRKE

1.758
HIGH
FSF

2478
2379
2489
2483
2431
2491
- 2494
2492
2482
2473
2483
2481
2491
2491
2499
2491
2938
2495
2493
2489
2478
2479
2487

2487
6
8
2484

6.9d :
1488 PSF
167 DEG F
8.98297 SLG/FT*3
8. 12
INSHES
INCHES
INCHES
PROBE FROBE
TOTAL POSITION
PRES
PSF IMCHES
3139 8.821
3138 8,833
3217 3.961
3231 g.a383
3233 g. 124
3321 8,139
3332 a3, 154
3386 28.288
3433 g.259
3338 g.393
3838 8.542
4883 8,939
4182 1,488
4188 1.54%
4188 1.7684
4188 1.8385
41386 1.9¢98
4188 2.181
4188 2.133
4188 2.2877
4186 2.439
4188 2,499
4186 2.583



AFRSI SKIN FRICTION DRAG TEST

OR-3@8
RRC TEST-PHASE-TUMMEL
S¢2- 1 - 22
RUN 164 MACH 8.9a
TEST ARTICLE NOMEX DYNAMIC PRESSURE 243 PSF
PROBE POSITION RFT TOTAL TEMPERATURE -+ 86 DEG F
WALL POSITION 9.8 INCHES  DENMSITY 8.9008S3 SLG/FT*3

DATA RUN MADE 7s 23-82 REYNOLDS NUMBER/FT 1,47
‘BOUNDARY LAYER THICKHESS 1.67 INSHES

DISPLACEMENT THICKMESS 8.216 INCHES
MOMENTUM THICKNESS B.141 INCHES
SHRPE PRRAMETER 1,33
POWMER PROFILE PRAMETER 7.92 .
SEQUENCE TUREL TUNNEL STRATIC RAKE PROBE PRUBE
HUMBER TOTAL STARTIC @.123 8.459 1.750 TOTRL POSITION
PRES PRES LOW MID HIGH PRES
PSF PSF PSF - PSF PSF P3F INCHES
1.9 724 427 433 4393 429 518 d.919
2.9 7as 430 438 4323 432 528 9.3449
2.0 ?25 429 . 43¢ 432 431 932 9,058
4.9 P 429 436 432 431 339 8.981
5.9 ral 426 432 423 428 349 . 9.839
7.0 717 423 438 427 425 5413 8.142
3.9 714 421 . 428 425 424 553 9,151
19.8 713 422 423 425 425 35° 9,351
11.9 713 422 429 423 4235 598 89,482
12.8 714 422 423 423 424 521 9,544
14.9 728 427 434 439 438 6§87 1.4@3
15.9 7al 425 432 429 428 631 1.349
15,0 721 426 © 433 429 - 429 591 1.599
17.8 .rva 426 433 438 429 891 1,357
13.0 721 425 434 431 438 8§91 2.94819
19.0 72l 426 433 = 4328 429 591 2,899
20.9 721 426 . 433 429 423 691 2,299
AYERRGE 720 425 ° 432 4293 428 ———- ————
MEAN DEV 3 2 2 2 2 ———— ———
STRN DEV 4 3 3 3 3 ——— ———-
CALCULATED 723 427 431 429 9 ——— ————
EDGE CON 891 428 ———- ——— ———— ———— ———
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AFRSI SKIN FRICTION DRAG TEST

QR-368
| ARC TEST-PHASE-TUMHEL
t S42- 1 -~ 22
‘ RUN 181 MACH g.%¢8
TEST ARTICLE  MNOMEX BYMAMIC PRESSURE 242" PSF
PROBE POSITICON RFT TOTAL TEMPERATURE . 83 BEG F
WALL POSITION 1.4 INCHES  DENSITY 8.00633 SLGA/FT*3

DATA RUN MADE 7/ 23s82 REYNOLDS NUMBER-/FT 1.48
BOUNDRRY LAYER JHICKNESS 8.94 INSHES

DISPLACEMENT THICKHESS 3.982 INCHES
MOMEMTUM THICKNESS 5.854 INCHES
SHAPE PARAMETER 1.32
POWER PROFILE PRAMETER 7.33
SEQUEMCE TUNMEL TUMMEL STRTIC RAKE PROBE PROBE
HUMBER TATAL STRTIC 8.123 8.453 1.758 TOTRL POSITION
PRES PRES LOW MID HIGH PRES
PSF PSF PSF - PSF PSF PSF [HCHES
2.8 713 422 439 4295 423 S37 g.841
3.9 713 $2% 38 427 438 31 g.as81
4.9 717 424 432 427 426 386 5.881
5.9 719 425 432 428 426 379 g.192
7.9 713 4§24 433 423 426 588 . 6.148
3.4 717 423 431 427 423 556 g.173
3. 716 423 432 427 4238 536 8,299
16.8 718 423 431 428 425 828 §.223
12.48 716 423 431 428 324 545 8.381
13.8° 718 423 431 427 4295 553 8.353
14.8 716 424 432 427 423 873 3.481
15.9 717 424 432 427 4235 537 3.583
l15.@ 717 424 432 427 42S 593 g.399
17.8 -717 424 432 427 428 782 g.7a8l
13.8 7Y . 424 433 428 426 782 8.3981
28.8 717 429 432 - 42y 426 782 8.999
21.9 2 %4 425 | 433 4293 - 427 7g2 - 1.182
2.9 718 425 433 423 427 782 1.281
23.8 713 424 432 428 428 732 1.386
RYERAGE ?17 424 432 427 425 —-——- -——-
MERM DEV 1 1 1 1 1 —-—— ———
STAN DEVY 1 1 | S 1 1 ——— ———
CALCULARTED 719 424 432 427 a ——— ————

EDGE CON 782 421  ==m= mmmm mmmm mmee e
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RUN

TEST ARTICLE

WALL POSITION
DATA RUN MADE

SEQUENCE TUNNEL TUNNEL

HUMBER

OOPIETOIIORUIEDDIDGEOE®

W =3 UL 4o QIO

[ TO [0 ¥ o 1o 0= = 9= b s =
fO W0 JTIU & WG

AYERAGE
MERN DEV
STAN DEVY
CALCULATED
EDGE CON

RFRSI SKIN FRICTION DRAG TEST

182
MOMEX
PROBE POSITION ARFT
1.4 INCHES
77 23782

o

S42
MA

A~398

-1 -
CH

RRC TEST-PHASE-TUMHEL

22

DYNAMIC PRESSURE

.TOTAL TEMPERATURE -

DE

REYNQOLDS NUMBER/FT

NSITY

BOUNDARY LAYER THICKMNESS
DISPLACEMENT THICKNESS
MOMENTUM THICKMESS
SHAPE PARAMETER
POWER PROFILE PRAMETER

TOTAL
PRS
PSF

7861
759
7359
759
759
753
753
759
758
758
758
7399
758
- 7398
‘758
757
758
v ol

7&8

vEd’”

759
1
1
762

743

STRTIC ©.123

PRES
P3F

SELS
594
599
399
995
399
999
5395
338
3%
594
534
394
593
3593
393
393

596

S35
S35

595
1
1
397
589

LOW
PSF

596
39S
995
538
939
335
535
3536
396
335
394
595
334
594
53¢
393
393
397
S35
595

393
1
1
S35

2.71
9.939
8,959
1.38
?l 54

STATIC RAKE

9. 459
MID
PSF

533
S92
532
S92
S92
592
532
392
332
592
591
591
391
394
339
599

398 -

994
592
393

Ss2
1
1
Ss2

A-38

1.758
HIGH
PSF

592
591
592
992
S91
592
391
532
3392
S92
S99
591
534
538
399
589
389
993
S92
592

591

1
1
%)

3.60

131
82

PROBE
TOTAL
PRES
PSF

8§59
663
87

673
87

533
591
535
711
val
vel
v28
T43
743
743
743
743
743
743
743

PSF
DEG F

@.08969 SLG/FT3
1.25

IMSHES
INCHES
INCHES

PRIOBE
POSITION

[HCHES

2,029
3,948
8.188
@.9381
9.191
3,131
9.151
3.291
3,294
9,349l
9.4991
9,439
3,882
9.783
0.763
0.391
8.930
@,999
1.0899
1,281




AFRSI SKIN FRICTION DRAG TEST
OR-388

RUM )
TEST RRTICLE HOM
PROBE POSITION AFT

WALL POSITION @.8 IMCHES
7/ 23-82

DATA RUN MADE

SEQUENCE TUMNEL TUNMNEL

NUMBER  TOTAL
PRES
PSF

J T 10 = 0 @~ S PO

OO0 OORIIHOINSEOE®

DY [0 10 [0 1 1= 4= 1 4= 1= b= s
O 10 = D W0 @ -

£
©
~J
(4]
@O

RYERAGE 738
MEAN DEVY I
STAM DEV 1
CALCULATED 762
EDGE CON 73S

3
EX

S42
MA

- 1
CH

ARC TEST-PHASE-TUNMEL

22

DYHAMIC PRESSURE

TOTAL TEMPERRTURE -
DENSITY

REYNOLDS NUMBER/FT

BOUNDARY LAYER THICKMESS
DISPLACEMENT THICKMESS
MOMENTUM THICKMESS
SHRPE PARAMETER

POWER PROFILE PRAMETER

STATIC ©8.125

PRES
PSF

394
554
S92
391
S92
Sse
392
323
S93
333
393
593
393
593
3593
534

394 |

594
574
334

593
1
1
S9S
593

LOW
P3F

333

[—{=F=]
- 7S

S35
395

2. 19
g.252
8.186
1.36
8.33

STATIC RAKE

8.

536

598
S38
337
397
337
337
S97
537
397
597
393
593
538
398
S98

397
1
1
53¢

4393
MID
PSF

S8

sas
‘-

S5¢ -

39z
$93
594
354
333

595

395
S95
39S
385
94
395
395

385 -

9%
595
So¢

595
1
1
595

A-39

1.758
HIGH
PSF

S9S

sSas

- e

S93
332
393
393
593
594
S94
394
594
394
59S
394
594
S8S
S93
39S
5986
53S

S94
1
1
394

6.59
132
78

PSF
DEG F

B8.8986% SLG/FTt3

1.26

INSHES
INCHES
INCHES

PROBE
TOTAL
PRES
PSF

643
SS1
833
568
563
564
114
87"

533
5985
724
728
732
733
733
73S
733
7335
733
73S

PROBE
POSITION

INCHES

g.822
G.8339
2.87V9
g.181
3,141
9.150
8.199
g8.282
g.9931
§.539
1.558
1.789
1.3837
1.998
2.899
2.139
2.381
2.398
2.381
2.338
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